














(Entered at the Post Office of New York, N. Y., as Second Class Matter. Copyright. 198. by Munn & Co.) 


NEW YORK, DECEMBER 12. 1903. ek ee Be 


pation maid 








Fee om 


Pe 


whe 


— 
a = eh 


saan 


- 
a 


ay ts Le a 
‘ a, % = “e *. i 





Wr Lion "ih a 





The Converter is an iron, brick-lined vessel in which cast iron 1s made into steel. Ten to 15 tons of molten cast iron, a 1,700 degrees Fahrenheit, ie poured into the vessel, and air ie forced into the molten masse through from 10 to 
200 half. ir 


h holes in the bottom of the converter. As the air rashes up through the metal, it burns out the silicon, sulphur, carbon, ete., and the combustion thus set up raises the temperature to about 8,200 degrees Pabrenbeit, 
From time to time portions of the incandescent metal are thrown out throngh the flaming mouth, and fall in brilliant showers as shown above, 


A BESSEMER CONVERTER IN FULL BLAST, 
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HISTORICAL, 

PON a certain summer's day in the year 1755, 
there might have been witnessed the advance 
ci a small detachment of British and Colonial 
troops, not much over a thousand strong, 

through the dense forests that lined the banks of the 
Monongahela River a few miles above the point 
where it merges with the Allegheny. The objective 
point of the expedition was a small fort at the conflu- 
ence of these rivers, which formed one of the most im- 
portant links in that chain of military posts and trad 
ing stations, which the restless and far-seeing energy 
of the French colonial government had strung out be- 
tween the mouths of the St. Lawrence and the Missis- 
sippi, by way of the Great Lakes, the Ohio, and the 
Mississippi Valley. In the van of this little army, 
bearing himself with a confidence born of much suc- 
ceseful warfare in other lands under less difficult con- 
ditions, and heediess of the warnings of his young 
colonial aide-de-camp George Washington, who had 
command of the rear guard, was Gen. Braddock. Ad- 
vancing in a close formation, which was better suited 
to the open spaces of Continental battlegrounds than 
to the all-but-impenetrable forests of the American 
frontier, the devoted band marched right into an am 
bush of the French regulars and their Indian allies, 
and was quickly cut to pieces. Braddock was killed, 
and Col. Washington, his military coat pierced more 
than once by the bullets of the French sharpshooters 
barely succeeded in carrying the shattered remnants of 
the force back over the Alleghenies into Colonial terri- 
tory. The political and military considerations that 
prompted that disastrous expedition were worthy of a 
better fate; and, indeed, subsequent history has proved 
that in endeavoring to capture Fort Du Quesne and 
break the bounds which the French were endeavoring to 
set to the westward development of the Britisa colonies, 
our forefathers had taken a just view of the situation. 
To-day the objective point of the expedition forms the 
site of Pittsburg, one of the greatest centers of in 
dustrial activity in the world; while hidden among 
the back streets of the city, and rescued from de- 
struction and preserved through the care and munifi- 
cence of a local historical society, may still be found 
Fort Du Quesne, or rather its immediate successor 
Fort Pitt. A few miles up the river, at the town of 
Braddock and on the identical spot where the battle 
occurred, is to be found one of the greatest steel works 
in the world; while for many a mile along those very 
banks of the Monongahela where Braddock laboriously 
cut his way through the woods, is to be found the 
most wonderful aggregation of coking ovens, blast 
furnaces, and rolling mills in the world. Although 
just aow we are concerned merely with the history 
of the development of these industries, we may be 
pardoned a reference to the fact that in St. Louis, five 
hundred miles to the westward of the Braddock 
battlefield, the great Republic which has sprung 
from that strip of colonies that fringed the Atlantic sea 
board in 1765, is just now preparing to celebrate the 
one hundredth anniversary of its acquisition from 
France of the vast territories from which that country 
sought to bar the early colonials out. . 

In selecting a point of beginning for ea brief survey 
of the rise and growth of the iron and steel industry 
in this country, we cannot do better than go to the 
records of Pennsylvania, from which we shall learn 
that in the year 1786 the Legislature lent a certain 
Mr. Humphries the sum of three hundred pounds for 
five years, to enable him to make steel “as good as in 
England.” Progress must have been slow; for a quar- 
ter of a csntury later, or in the year 1810, the total 
production of pig iron in the United States was but 
53,908 tons; and of this, less than one thousand tons 
was made into steel. In 1842 the total was only 215,- 
000 tons; and in 1861, during the great civil war, it 
was still far below the million mark, being only 653,164 
tons. In 1864 the total production had risen for the 
firet time to a little over one million tons. Up to this 
time steel was looked upon as a very special product 
the methods of production being costly and the total! 
output relatively small, But in the year 1864 there 
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was invented and demonstrated in the mother country 
what was, and will ever be, the greatest invention in 
the history of iron and steel—the Bessemer converter. 
By this device, it was made possible during an oper- 
ation of an extremely simple and inexpensive char- 
acter, and in a few minutes’ time, to convert common 
cast iron into steel. Steel, from costing as high as 
six or seven cents a pound for the common grades, 
began steadily to decrease in cost, until in the closing 
year of the nineteenth century steel billets, in lots 
of a hundred thousand tons, came to be sold at the 
rate of “three pounds of steel for two cents.” The en- 
trance of the Bessemer converter marked the close of 
the Iron Age, and from this time on steel became 
the standard material of construction in all but a few 
limited classes of work. It was not long before the 
Bessemer process was introduced into this country, and 
this fact, coupled with the period of general commer 
cial prosperity which followed upon the close of the 
civil war, stimulated the development of the iron and 
steel industry so greatly that by the year 1872 the 
total production of pig iron had increased to 2,548,713 
tons. In 1880 the total had climbed to 3,835,191 tons, 
and in the following year it had risen to a little over 
4,000,000 tons. By the close of this decade the produc- 
tion of pig iron had doubled, the total output in 1891 
having reached the wonderful figure of 8,279,870 tons 
During the last decade of the century there was an- 
other increase of about one hundred per cent, during 
which the total output of pig iron passed far beyond 
that of our nearest competitor, Great Britain, reach 
ing in 1901 the enormous output of 15,878,354 tons; 
while for the following year the production climbed 
yet higher, reaching a total of 17,821,307 tons. To- 
ward the close of the century there was introduced 
a method of steel manufacture which gave early prom- 
ise of being a rival to the Bessemer converter, a prom- 
ise which has been so far fulfilled, that it may be 
said without any exaggeration that the age of Besse 
mer steel is drawing to its close, and that open-hearth 
steel is destined ultimately to be the all-but-exclusive 
product of the industry. The open-hearth furnace has 
the advantage, especially in the United States, that 
whereas the Bessemer process requires for its success- 
ful working the use of ores that are comparatively 
free from phosphorus, ores that are high in phos- 
phorus can be used successfully in the open-hearth fur- 
nace, Moreover, for reasons which are given later in 
the present issue, it is possible to produce a grade of 
steel in the open hearth that is so superior to Besse- 
mer steel as to more than compensate for the addi- 
tional cost of manufacture. The advantages: of the 
process and product were quickly recognized by both 
ironmasters and engineers; and it is becoming in- 
creasingly common to see open-hearth steel called for 
in the specifications of the more important classes of 
construction. 

We may look with pardonable pride upon the growth 
of an industry for which there is no parallel in the 
history of the world; and the more so as this growth 
is a true index of the general material prosperity of 
the country at large. For it must be remembered 
that, great as is the total production of iron and steel, 
it has proved, during the last year or two, so far 
short of the home demand, that we have been obliged 
to call upon foreign manufacturers to supply the de- 
ficit. 
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SECRETS OF OUR SUPREMACY IN IRON 
AND STEEL. 


In looking for the causes which underlie the su- 
premacy of the United States in the steel and iron 
trade, honesty and gratitude alike demand that first 
place be given to the marvelous natural resources of 
the country, for which there is no parallel anywhere 
in the world. Not only has nature provided stores of 
iron ore, coal, and limestone in lavish abundance, but 
the supply itself is easy of recovery from its native 
beds, and advantageously placed for the transporting 
of its various elements to a common center; while the 
materials are of a quality that could scarcely be sur- 
passed for economy of handling and treatment in 
mine, furnace, and mill. But although the fundamen- 
tal secrets of our success are to be found in natural 
conditions, too much cannot be said in praise of the 
intelligence and skill with which the American iron- 
master has risen to his opportunities. It is to the 
remarkable ingenuity shown in the production of labor- 
saving machinery that much of the cheapening of the 
cost of production is due; to say nothing of the broad 
administrative ability shown by the management of 
the great steel and iron works, in laying out the 
component parts of their establishments in such a 
way that the heavy tonnage which passes through 
these plants day by day shall proceed from the crude 
material to the finished product with the least possi- 
ble amount of handling and trans-shipment. Lastly 
our iron and steel men, early in the history of the de 
velopment of the industry, perceived and acted upon 
the fundamental economic fact that, for the cheap pro- 
duction of iron and steel, magnitude of operations and 
combinations of capital are essential. 
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First then, we must recognize the lavish hand with 
which Nature prepared the way for our industrial tri 
umphs, by accumulating along the southern and west- 
ern shores of Lake Superior those vast beds of iron 
ore, which are not only the most extensive in the 
world, but are so placed that the labor of excavating 
and loading for shipment is practically nothing. The 
ore, which is extremely rich, sixty per cent of it being 
iron, lies practically at the surface of the ground; and 
it is so loose and friable that all that is necessary for 
ts recovery is to run in a train of cars, set a steam 
shovel at work, and load the material directly onto 
This work has actually been done at the 
rate of 5,800 tons in ten hours, and this with the labor 
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of but eight men at a cost of five cents only per ton 
for labor. The supply is enormous, a single corpora- 
tion having recently estimated its holdings at 500,000,- 
000 tons, valued at as many million dollars. 
vast and easily-recovered supplies, however, would 
have a limited value, were there not available a pro- 
portionate supply of coking coal; and this has been 
provided with an equally lavish hand in the famous 
Connellsville district, where a single coke company on 
entering into one of the great industrial combinations 
of the past few years, stated that it owned 40,000 
acres of coal lands in this region, and 11,000 coke 
ovens. Within easy reach of the coal district there 
are also large quarries of limestone, the third of the 
three constituents in the charge of a blast furnace. 
But the mere existence of these natural supplies 
of the raw materials of manufacture would not in 
itself be sufficient to account for the marvelous growth 
of the iron and steel industry in America. The raw 
materials must be brought together to some com- 
mon center, and the transportation of this enormous 
tonnage, the frequent handling and trans-shipment that 
is necessary, must be done with the least possible 
amount of expense, if the American ironmaster is to 
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start with anything like an even chance in competition 
with European manufacturers; for these are not under 
the necessity of transporting their materials over a 
thousand miles of distance, before they can smelt them 
in the blast furnace. Now, here it is that man has so 
ably co-operated with Nature. Acting on the well- 
established industrial principle that the greater the 
magnitude of the scale of operations, the less is the 
cost per ton of the finished product, the machinery 
and general plant for excavating, handling, and trans- 
porting the ore have been built on a colossal scale. 
At the mines, steam shovels capable of lifting five tons 
of ore at each stroke will load a 25-ton car in two and 
a half minutes, or at the rate of 600 tons an hour, and 
in accordance with the same policy cars have grown 
to 50 tons in capacity and locomotives to 130 tons in 
weight. When the ore trains reach Lake Superior 
special automatic, quick-acting machinery unloads the 
ore direct into special ore steamers built for this 
particular work, At the eastern terminal ports sim- 
ilar machinery unloads the ore from steamer to rail- 
road, where again 50-ton cars and 130-ton engines 
haul the precious mineral in trains of 1,000 tons or 
more total weight, into the heart of the coal and 
coke region, where it is finally unloaded by special 
machinery, at the foot of the blast furnaces. 
* The ingenuity and resourcefulness shown in the mat- 
ter of handling and transporting the huge tonnage 
necessary for the manufacture of over 17,000,000 tons 
of iron a year, was ably seconded when it came to the 
matter of recovering the iron in the blast furnaces, 
and fabricating it into the thousand and one forms in 
which the finished product is put upon the market. 
In no single branch of industry has more thought been 
given to labor saving than in the manufacture of iron 
and steel. Ia the first place, to reduce handling and 
transshipment to a minimum the processes are made as 
far as possible continuous. The erection of a typical 
modern steel works will call for a plot of ground 
which is rather a parallelogram than a square, and 
there are in the country to-day works that on a width 
of a quarter of a mile will extend for a mile and @ 
quarter in length. At the upper end will be the 
stockyard, with its artificial mountains of ore and 
coke; next the blast furnaces; then the Bessemer 
converters, or the open-hearth furnaces, as the case 
may be. Then will come the soaking pits or furnaces 
for heating the cast ingots. Beyond them, in some 
cases, will stretch one vast building a thousand feet or 
more in length, with its blooming rolls and shears, 
roughing rolls, finishing rolls, and steel saws succeed- 
ing each other in orderly succession, until at the end 
of the building one can see the finished product being 
loaded onto the cars almost before the last trace of 
the furnace heat has gone out of it. Moreover, in its 
long journey through the mills, the materia! has been 
rolled and heated and rolled again, positively with no 
manual labor whatever; and in many of the mills that 
are notable for the great tonnage that they turn out 
in a single day, the continuous processes are carried 
on with such rapidity that the journey of a thousand 
feet or more through the mills is made on one single 
heat. 

In any summary of the causes of our success in steel 
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manufacture, great stress must be laid upon the 
early and multiplied adaptation of electricity as a 
motive power in the thousand and one uses to which 
it has lent itself so admirably. Among other applica- 
tions that come to mind, there are: the overhead trav- 
eling electric crane; the electric charging machine that 
picks up a box containing a ton of mixture, thrusts it 
into the furnace, empties and withdraws it; the elec- 
tric conveyer; the electric elevator for loading the 
blast furnaces; the electric buggies that receive the 
heated ingot after it has been lifted from the soaking 
pits and runs it down to the mill; electric machines for 
pushing the blooms in at one end of the furnace, and 
electric tongs for gripping them and pulling them out 
at the other end. These are a few of the uses of elec- 
tricity, to say nothing of pneumatic and hydraulic 
power, that, conjointly with similar exhibitions of in- 
genuity, forethought, and administrative skill in mine, 
ship, and railroad, have enabled our manufacturers to 
sell “three pounds of steel for two cents,” while paying 
the highest wages in the world to labor and returning 
the princeliest of fortunes to capital. 

4 Oe 
RECENT DEVELOPMENTS IN GUNS AND 
ARMOR. 

BY JOHN F. MEIGS. 
A most striking recent development in guns—and in 
speaking of guns we usually include the gun-carriage 





or gun-mount—is the effort now universal to throw 
the accurate and quick control of the gun into the 
hands of the people firing it. It may well be won- 
dered that this has not always been a controlling idea 
in laying out guns and their mounts, but at the present 
time it is in this direction that the greatest effort is 
being made. The proof of this is to be seen by a 
comparison of the guns and mounts made ten or fifteen 
years ago with those now being made. The latter are 
arranged much more conveniently, and consequently 
their rate of fire is much faster. Modern 6-inch guns 
are being fired from ships eight or ten times in a min- 
ute at targets about the size of a ship and a mile dis- 
tant, and hitting the target at each shot. Of course, doing 
this from a stable platform on shore would be compara- 
tively easy. The projectile of these guns weighs 100 
pounds, the powder charge about 40 to 50 pounds, and 
the weight of the gun, including all the turning parts, 
is about 25,000 pounds. This weigkt must be moved, 
to keep the sights on the target, by one man, and it 
will be seen that it is of the greatest importance to lay 
out all the shafting and gearing with a minimum of 
friction and lost motion. 

With this advance in the convenient layout of the 
gun and its mount is going on at the present time a 
steady increase in the weight and length of guns. Six- 
inch guns, which used to weigh 11,000 pounds, now 
weigh 18,000 to 20,000 pounds. The weight of the 
projectile of these guns has not increased, and has 
remained always 100 pounds, but the velocity at which 
the projectile leaves the gun has increased from about 
2,000 feet per second to from 3,000 to 3,500 feet per 
second, in consequence of a three or fourfold increase 
in the charge of powder. It may be argued that this 
change—that is, the constantly increasing weight of 
guns of a given caliber—is not a wise one. The great 
care and attention bestowed upon the convenient and 
accurate moving of the gun, however, can be nothing 
but an improvement. The growth and progress of 
change in artillery construction sometimes seems 
arbitrary—seems sometimes to be as arbitrary as the 
fashion in clothes. Old guns made three hundred years 
ago, which may be seen in the arsenals in this country 
and in Europe, had about the same shape and were in 
many respects similar to the guns of to-day. In the 
intermediate period, say about one hundred years ago, 
the guns had shrunken up, and become shorter and 
larger in diameter, with larger bores. We are now 
returning, or perhaps, more correctly, it should be 
said we have returned, to the fashions in artillery of 
three hundred years ago. 

There are, of course, many respects in which the 
modern weapon has a great advantage over the earlier 
one. It is made of stronger steel, and concentric 
hoops are shrunken together, whereby the power of the 
gun to resist internal pressure is materially increased. 
But perhaps in no place is the advantage more marked 
than in the better mount or carriage of the present 
time. These are far better arranged than they used 
to be, and the consequence is that the ‘guns may be 
much more rapidly and safely fired. 

There is going on at the present time a steady ad- 
vance in the strength of the metal used in guns. The 
elastic strength of metal now commonly used in larger 
Suns is about 50,000 pounds per square inch, and in 
the smaller guns it runs as high as 75,000 pounds per 
Square inch. This, however, is used only as an addi- 
tional margin of safety, largely because the recoil of 
Suns when fired is so great now, and the reaction 
thereby set up in the carriage is so severe that nothing 
Would be gained by lightening the gun. Lightening 
the gun would only mean putting additional weight, 
end perhaps a weight greater than that saved, in the 
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gun-carriage and foundation. Many are of the opinion 
that the advance in the strength of gun steel should 
be pushed further, but it would be hard to do this 
without lowering to some extent the elongation asked 
for in the metal at rupture. This now runs in the 
neighborhood of 18 to 25 per cent, and it could wisely 
be lowered for the sake of gaining a harder and 
stronger metal, because the entire operation of the gun 
is within its elastic limit. When it moves outside of 
this and becomes permanently enlarged, a compara- 
tively slight enlargement would give warning, and the 
gun would be laid aside and not used any more. 

The subject of the powder—or, as it has been called, 
the Spirit of Artillery—cannot be overlooked in the 
examination of guns, In the last few years the use 
of so-called smokeless powders has become universal. 
These are all nitro substitution products, and their 
principal characteristic, from an artillery point of 
view, is the fact that the entire weight, or very nearly 
the entire weight, turns into gas. In the older powders 
only about 60 per cent of the weight was gasified, and 
the remaining 40 per cent was projected from the gun 
in the form of dust, and constituted a considerable 
waste of energy. The point not entirely satisfactory in 
modern powders is their constancy in pressure and 
velocity, and stability in storage. It is a question 
whether under the same conditions of storage they 
are as stable and safe as the old-fashioned powder. 
Indeed, there is every reason to believe that they are 
not as safe or as stable, and they are watched with 
great care at stated times when stored. Incidentally, 
this powder gives little or no smoke, which is usually, 
but not always, an advantage. 

This brings us naturally to other articles of great 
consequence in artillery—namely, .projectiles and shell 
charges. We have now armor-piercing projectiles, 
deck-piercing projectiles, semi-armor-piercing projec- 
tiles, common forged and cast-steel projectiles, cast-iron 
projectiles, shrapnel, and so on, in endless variety. As 
the work the gun, whether ashore or afloat, will 
have to do can be pretty clearly predicted, it would ap- 
pear as though one, or at most two, kinds of pro- 
jectiles were enough. These two would naturally have, 
the one a high penetrative power, and the other a 
large capacity for internal charge, giving great de- 
structive power when the shell is burst, No one who 
has not examined carefully the effect of bursting a 
shell in a closed space can have an idea of its de- 
structiveness. A small 6-pounder shell, of about 2\4- 
inch diameter, containing 3 or 4 ounces of powder, 
burst in an ordinary room and breaking into 20 or 
30 fragments, would probably destroy everything in 
the room. 

We now come to the matter of protection—or armor. 
It is a mistake to suppose that protection was first 
used in either land or naval warfare in modern times. 
On land, as is well known, earthworks and masonry 
works of great thickness were used, but it is not so well 
known that the sides of ships of wa: of one hundred 
years ago were in many ways better protected. rela- 
tively than our present ironclads. The frigate “Consti- 
tution,” of the war of 1812, was protected against per- 
foration at the waterline, whereby the ship may be 
destroyed, or perforation of her battery space, by which 
her gun crews could be destroyed, better than the 
ships of to-day, taking into account the guns of her 
time. At present the 12-inch guns, using 850 or 1,000 
pound projectiles, are mounted in turrets clothed with 
12-inch armor, These turrets can be penetrated by 
12-inch guns with anything. but a very oblique impact 
at any distance at which a gun is likely to hit. Sim- 
ilarly, too, the 6-inch guns of ships, or their 7-inch 
guns, which constitute the next step in the scale, are 
protected by 6-inch or 7-inch armor, and this armor can 
be penetrated by a 6-inch gun at as great ranges as it is 
likely to hit it. This armor is all face-hardened. The 
front or outside of the armor is glass-hard, while its 
back is comparatively soft and tough. 

The plate in the course of manufacture is super- 
carbonized, that is, its face is impregnated with an 
additional amount of carbon, in a way similar to the 
well-known ‘case-hardening process, whereby the out- 
side face of the plate, when tempered in water, be- 
comes intensely hard. The projectiles used against 
this armor are hardened at the point, their rear bodies 
being, as is.the rear body of the armor, comparatively 
soft, and the contest between the plate and the pro 
jectile constitutes very largely the modern science of 
artillery. The velocity of the projectiles is pushed 
to the utmost by increasing the weight of the charge 
of powder used to propel them, and in the manufac- 
ture of the projectiles it is endeavored to make the 
point of the projectile very: hard and the back soft, but 
yet not too soft. [f the projectiles are hard all over, 
or similarly if an armor plate is hard all through, 
they will go to pieces on impact. The tough, com- 
paratively soft, back part of both plate and projectile 
tends to hold the hard part together. In the tast few 
years the practice of putting soft metal caps on the 
hard points of projectiles intended to pierce armor has 
become universal. There are many theories as to why 
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these soft metal caps aid the projectiles in getting 
through the hard armor, but none of them seems en- 
tirely satisfactory, Cf the fact, however, that they 
do increase the penetration of projectiles, there can be 
no doubt. 

In the matter of protection or armor, in the land 
or coast defenses of this country, the principle of the 
disappearing gun has been utilized in very large de- 
gree, The gun, mounted behind a very thick parapet, 
rises only for a very short space of time when it is 
to be fired, and disappears on rocking levers behind the 
parapet immediately upon firing, and is loaded in the 
lower position. It will be seen that the pretection of 
such guns is very good, but their rate of fire is less- 
ened. Possibly it is true that the rate of fire of large 
guns is not materiaily less on disappearing mountings 
than on others; but as guns grow smaller, the time 
occupied in their rising and falling and in aiming 
them has a greater influence, and their rate of fire is 
seriously diminished. For such smaller classes of 
guns in our coast defenses it is planned to use gun 
shields, which are substantially armor plates covering 
the gun and its detachment of gunners against hostile 
fire. 

There have grown up in all the countries of Burope, 
and are growing up in this country, private manufac- 
tories that will aid the government in the solution of 
the various ordnance problems brought forward. In 
many respects a private organization is more likely 
to bring forward improvements than is the govern- 
ment service. Not the least of these is the fact that 
it must continually be bringing things forward. It 
can live in no other way; and if its staff are well 
equipped and its measures are wise, it should bring for- 
ward many good things—things that are likely to 
last, and that are in the nature of sound progress, 
and not merely changes. Only great steel works, hav- 
ing large capital and controlled by directors willing to 
encourage the development of ordnance in their works, 
can succeed at this task. It is needless te point out 
the part the government may play in this development. 
If the government officers, both those who “ontro] law- 
making and those in the executive branches, do not do 
what they can to aid such a movement, it is likely that 
it may fail, and that what might have become a valu- 
able public servant may be destroyed, The history of 
all countries shows in comparatively modern times— 
in the labt thirty or forty years—the upbuilding of 
such private ordnance factories. There is no feature 
of the development of modern ordnance in this country 
more interesting and important than the evolution and 
equipment of great manufactories capatie of supplying 
the material necessary for the national defense. We 
now have many establishments more or less well 
equipped in various lines, and it is to be earnestly 
hoped that the public at large, and governmental offi- 
cers having power directly in the premises, will in- 
terest themselveg actively in the growth of these. 
Menufactories producing ordnance and armor, having 
‘4 hand an extremely specialized branch, and looking 
only to the gevernment for work of this character, are 
especially interesting in this connection. 

a os 
THE FUTURE OF OUR STEEL INDUSTRY. 

In the course of a conversation with the late Abram 
S. Hewitt, who was one of the first to foresee the 
great proportions which the iron and steel industry 
in this country was destined to assume, the writer 
asked him to indicate the one fact which above all 
others assured the supremacy of the United States. 
To this he replied, that while other nations might 
in time equal us in the development of labor-saving 
machinery, we should always hold a commanding posi- 
tion because of the vast extent of the Lake Superior 
iron mines, and the extraordinary richness of the de- 
posits. The correctness of this view of the situation 
can never be disputed. So long as we can shovel up 
ore, sixty per cent of which is iron, from the surface 
cf the ground and load it onto the cars at the cost of 
only five cents a ton for labor, we are starting with an 
economic handicap in our favor which, in the present 
development of the art of steel making, it certainly 
seems impossible that our competitors should over- 
come. Moreover, social and political conditions in for- 
eign countries are such that it is practically impossible 
for them to organize such combinations of properties 
as place the largest of our steel corporations at enorm- 
ous economic advantage in the matter of operation and 
manufacture. Thus an estimate of the cost to the 
United States Steel Corporation of turning this iron 
ore into steel does not include any profits of the rail- 
road in carrying it from mine to dock, or profits on 
docking facilities, or profits on steamship transporta- 
tion through the lakes, or profits again of any rail- 
road company in the haul from the Lakes to the Pitts- 
burg furnaces. The possession by this corporation of 
everything in the way of rich and abundant supplies 
of raw material, transportation facilities, and up-to- 
date plant, that is necessary for the production of steel, 
should be sufficient to render permanent our present 
supremacy, 
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THE MANUFACTURE OF STEEL RAILS. cheapness of the product in this country is to be largely 


pounds per yard and in length from 30 to 60 feet, 
yted to the Iron and Steel Industry, attributed. These great works, which stretch for over a The raw materials of manufacture consist of iron ore, 
i f steel rails naturally receives the mile along the banks of the Monongahela River, at a coke, and limestone, in the proportions of 2 pounds of 
: ! both because the total output point not far from the city of Pittsburg, require the ser- ore to 1 pound of coke and 1-3 of a pound of limestone, 
hat of any other branch of the eel vices of some 4,000 men, who are continually at work on In the manufacture of the steel from which the railg 
ry, and |} iuse t teel rail has undoubtedly the manufacture of steei rails. These are turned out at are rolled, there are two fundamental processes; first, 
lo wilt t rapid development of this the rate of over 7,000 rails, or nearly 3,000 tons, per the reduction of the ore in the blast furnace; and then 
in any other ngle product of the steel in- day, and the output of the blast furnaces is about 4,250 the conversion of the molten iron into steel in the con- 
‘ t er, the Edgar Thomson Works, of tons of cast iron per day. Of the furnace output, about verter, 
ent article treat 


The description of the blast furnace which now 


ire truly repre 20.000 tons are cast into pig, and 70,000 tons are con follows will serve 


for all the subsequent branches of 
nta ‘ f the vast scale upon which the steel estab- verted into steel and rolled into rails every month. In the steel industry which are treated in this number; 
' f the United States are laid down, and of the 






















































a single month the rail mills have turned out as high for blast furnace practice is broadly the same to-day 
hi yped methods of labor-saving to which the as 180,000 rails, which varied in weight from 25 to 100 in every furnace throughout the country. Each fur. 
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MODERN BLAST FURNACE, IN WHICH THE ORE IS SMELTED, THE MOLTEN CAST IRON BEING TAPPED OFF AT THE BASE AND TAKEN TO THE CONVEERTEBS. 1B 
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(there are « in all at the Edgar Thomson 
ill be seen in the accompanying 
shell varying from 75 to 90 


nace 
Works) co! - 
engraving of a ! steel 
feet in height It 
of its height 


has its largest diameter at about 


a quarter and tapers regularly 


smallest diameter 
at the top plat 
form. The 
portion 15 


upper 


known 


as the “stack 


the lower portion 
as the 


bosh 


while below this 


is the “hearth, In 
which the molten 
cast iron collects 


The 
is just 


bosh, which 
above the 
tuyeres is pro 


vided with annu 
lar hollow bronze 
castings built into 
the brickwork, 
through 


stream of cold 


which 
water 1S circu 
lated for the pur- 
pose of keepin 
down the temper 
ature of the brick 
work at the hot 
test part of the 
furnace, It should 
be explains that 
the whole interior 
o the steel shell 
is lined with 
about three feet of 
brickwork 

In the early 
days of blast fur 
nace practice, the 
hot gases were 
permitted 


Group of four 15-ton converters, in w 


to es- 
cape at the mouth 
of the 


but in 


furnace, 
later 


years the wastefulness of this 
and the 


closed by a massive cast-iron 


prac- 
tice was recognized mouth of the furnace was 
cup-and-cone arrange 
In the 


one above the other, 


ment, which is only opened for a fresh charge 
latest designs there are two cones 
forming a chamber between them, on the principle of 


the air-loch, by which arrangement the escape of the 


ELECTRO-PNEUMATIC 


LIFTING HEATED INGOT FROM SOAKING PIT. 


INGOT 
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gases is entirely prevented. The large steel pipe or flue 
which will be seen curving cut at the right near the 
top of the furnace conducts the gases downwardly to 
a big drum or dust-collector, and from this the gas is 
led te what are known as the Cowper hot-blast stoves, 


THE LARGEST CONVERTER PLANT IN THE WORLD. 
of which there are four to each blast furnace, with one 
in reserve. The charging of the blast furnace is ac- 
complished by means of an inclined elevator with one 
or more steel buggies which travel from the ore pile 
and coke bins up to the furnace mouth, where their 
contents are automatically dumped 

The Cowper hot-blast stove, one of which is shown 


CARRIED TO ROLLS IN ELECTRIC BUGGY IN FOREGROUND. 
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to the left in the engraving, is a large cylindrical 
wrought-iron tower, about 20 feet 
feet in height. It is lined with firebrick and contains, 
on the side next the furnace 


in diameter and Sv 


a large vertical flue, into 
which the furnace gases pass by way of a valve at the 

bottom. The rest 
of the 


the stove is 


interior of 
occu 
pied by a mass of 
firebrick 
with 


pik reed 
innumerable 
flues ex 


from 


vertical 
tending top 
the 


from 


to bottom 
hot gases 
the 


nace 


blasi fur- 
nited 
on entering the 
base of the 
flue by 


are i 


large 
admitting 
air to them by 
means of a valve, 
and the hot pro- 
ducts pass up the 
main flue and 
down through the 
mass ol brick 
work, finally es 
caping to a lofty 
steel chimney. As 
soon as the fire- 
brick “checker- 
work,” as it is 
called, with which 
the stove is filled, 
has been heated to 
the proper tem- 
perature, the 
gases are shut off 
and into 
the second stove. 
The blast 


from the blowing 


turned 


cold 


ch the molten cast iron is blown into steel at the rate of 3,000 tons per day, 


engines 1S 
turned tn at the 


now 
bottom of the 
first stove, passes up through the heated firebrick and 
down through the main flue, and finally is led to the 
circular blast mains which surround the furnace just 
To supply the hot blast for a single 
Edgar 


above the tuyeres. 

pair of the largest 
Works requires a large amount of horse power, the en- 
containing five 


furnaces of the Thomson 


gine house for each two furnaces 


STOCK OF ROLLS FOR RAIL-ROLLING, 


TRAIN OF INGOT MOLDS. AFTER CONVERTER TREATMENT THE METAL I8 CAST LW 


THESE MOLDS, 





DeCEMBER I2, 1903. 


426 Scientific American 





iron vessel, lined with refractory 
materials, and carried on trun- 
nions, one of which serves to 
conduct the air blast to the bot- 
tom of the converter, which con- 
tains twenty air tuyeres, each of 
which is perforated with a num- 
ber of %-inch air holes. The 


pairs of huge Allis-Chalmers 
blewing engines of 4,000 max! 
mum horse power, capable of de 
liverin each about 5.000 eubie 
feet of air per minute at 25 
pound pressure 


When once a blast furnace has 


been tarted, it is maintained 

day and night in continuous op- blast of air from the blowing 
eration, the solids (ore, coke, and engines is started while the con- 
limestone) descending. and the verter is in the horizontal posi- 


tion, and as soon as the charge 
of metal has been poured in. 
The converter is then swung to 
the vertical position, and the air 
is forced upward through the 
metal in from 150 to 200 separ- 
ate streams. As the air rushes 
up through the molten mass, its 
oxygen combines with the car- 
bon, silicon, manganese, etc., in 
the iron, and the violent com- 
bustion thus set up raises the 
temperature of the metal until 


yases rising to be carried off by 
the flue. The temperature ranges 
from about 500 deg. at the top 
of the furnace to 1,800 to 2.000 
deg. at the base If it were pos | 
sible to break away one side of 
the furnace and examine the con 
tent we would find at the top | 
of the furnace some eight or ten 
feet of raw materials at a tem 
perature of about 500 deg. Be- 
low this would be a body of ore | 


that was somewhat reduced In 








the next lower portion, at a tem L ta... ae ae | it reaches the stage known as 
perature of about 1,000 deg. the the boil, The process continues 
limestone would be found decom- The molten cast iron from the biast farnaces is brought in ladles to two 150-ton iron receptacles and mixed, to bring the metal to an from 8 to 10 minutes, at the 


even temperature for treatment in the converters. ‘ . ‘ 
close of which time all the im- 


purities and practically all of the 
carbon have been burned out, 


posed into lime and carbonic 
acid Below this again would be THE 150-TON METAL MIXERS. 


a wider belt at about 1,600 deg. 
of temperature. where the iron. now reduced from the “blown” in four 15-ton converters We present a and only pure iron remains. The fierce combustion 


ore, would be combining with the carbon to form cast graphic illustration showing this wonderful plant set up during this process raises the temperature of 
iron. Below this such oxides as silica and phosphoric (the largest in the world) at work, two of the con the metal from 1,800 deg, to as high as 3,200 or 3,300 
acid would be produced, the silicon and phosphorus verters being shown swung over to receive a 15-ton deg. Among the many spectacular sights which ren- 
combining with the iron. Within the bosh the iron, charge from the ladles, while two others are in the der the operation of great steel works such as this of 
ard also the slag which results from the combination vertical position with the operation of blowing in fascinating interest, there is none that compares with 
of the fluid with the various impurities, would be full blast. The converter is a barrel-shaped, wrought- the biowing of steel in the converter. The agitation 


of the molten mass, as the 








found to be completely 





melted, the molten mass 
finally collecting in the cy 
lindrical hearth, the slag 
at the top, the heavier iron 
at the bottom 

From the time the 
charge is put in at the top 
of the furnace to the time 
of tapping the molten met 
al at the bottom is usually 
about twenty hours, and in 
the larger Edgar Thomson 
furnaces the casting takes 
place every three and a 
half to four hours, the 
amount of metal drawn off 
varying from 70 to as high 
as 120 tons at each cast 
After the slag is run off, 
the hot metal is tapped 
into huge 17-ton ladles, 
which are drawn in trains 
of five or six to the metal 
mixers—large rectangular 
iron receptacles, each of a 
capacity of 175 tons, which 


are balanced, as shown in 





our illustration, on trun 





air rushes through it, pro- 
duces a dull reverberation, 
which mingles its deep 
note with the steady roar 
of the white-hot gases as 
they pour from the mouth 
of the converter. Every 
now and again heavy 
splashes of white-hot met- 
al are thrown high in the 
air, and fall in a thick 
rain of brilliant corusca- 
tions to the ground. When 
the iron has been thor- 
oughly purified, the blast 
is shut off and the charge 
is emptied’ into a 15-ton 
traveling ladle, and at the 
same time a_ certain 
amount of molten spiegel- 
eisen is poured into the 
ladle with the iron, the 
roportion being such as 
to introduce into the met- 
al the proper amount cf 
carbon and manganese for 
the quality of steel rail 
that is to be made. A 








nions, The object of the train of cast-iron ingot 
metal mixer, which, by the The chain of molds passes contingously beneath the ladle, each mold receiving its qaota of the bot metal. molds, with two ingots to 
way one of the ir r- c is rx | WI 

, npo STRAIGHT-LINE PIG-CASTING MACHINE. Se went, © ot Oe 
tant improve by a small engine 
ment in steel beneath the pour- 





manufacture that 
have had their or- 
igin in the Edgar 
Thomson Works, 
is to reduce the 
casts that are 
brought from dif 
ferent furnaces at 
temperatures that 
vary considerably, 
to a common ten. 
perature and qual- 
ity rhe contents 
of the hot metal 
ladle are poured 
into the mixers at 
one end from a 
raised trac k, 
while other 17-ton 
ladies are  con- 
tinuously being 
filled from the op- 
posite end of the 
mixer by swing- 
ing the latter over 
on its trunnions. 

The metal is 
drawn in trains 
from the mixer to 
the converting 
mill, where it is 








ing stand, and 
the hot metal is 
run into the 
molds through a 
nozzle in the base 
of the pouring 
ladle. 

As soon as the 
ingot is set, the 
mold is drawn 
from it by a hy- 
draulic stripper, 
and it is lifted by 
an overhead elec- 
tric crane and 
lowered into @ 
soaking pit or 
heating furnace, 
where it is heat 
ed to the proper 
temperature’ for 
rolling. From the 
soaking pit it is 
taken to the mill 
and given seven 
passes through 
t h e blooming 











in length. The output of this mill ie 3,000 tons or 7,000 rails per day, 


INTERMEDIATE ROLLS IN THE RAII. MILL. 


rolls, by which it 


The rails are roded down from the billet in uuree successive seta of rolls (roughing, intermediate, and finishing), and the process is continuous down a mill that is 900 feet is reduced to @ 


section 914 inches 
square and 15 
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MANUFACTURE OF GUN STEEL AND 
ARMOR. PLATE. 


Too much cannot be said in praise of the policy of 


feet in length. Then it is sheared into two or three ing poured into the mixers, is run into the pig-casting 
lenrths, according to the length of the rail which is to machine. This consists of a series of parallel end- 
be rolled. The blooms, as they are called, are now less chains of molds which pass in front of the pouring 


heated in the bloom furnaces and carried direct to the mouth of the ladle. Each mold receives its quantity the government in its encouragement of the construc- 
great rail mill, consisting successively of roughing of metal at the lower end of the chain, and delivers the tion of navy and army material by private firms 
rolls, intermediate rolls, and finishing rolls, which ex- cast pig iron at the upper end of the system, where it that are capable of undertaking this class of work. 
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tend one after the other down the full 


building that is 900 feet in length. In 
the roughing rolls the bloom receives 
five passes, during which it is brought 
down roughly to the desired section of 
rail It then, without any reheating 
passes on to the intermediate or 
“short” rolls, where it receives another 
five passes and is brought stil] more 
closely to its finished shape. At this 
point is introduced at these works a 
most important innovation in rail roll- 
ing, known as the Kennedy-Morrison 
rail-finishing process, to describe which 
it is necessary to go back in history a 
little, and explain that a few years ago 
it was customary to let the rail pass 
through the three sets of rolls and be 
finished on a single heat without any 
intermission in the process. This gave 
good results when rails were lighter, 
but as the section of the rails increased 
in later years, the greater mass of 
steel in the rail caused it to retain its 
heat longer, and it passed through the 


finishing rolls at too high a tempera 


ture for good results Consequently, 
the modern 80 to 100-pound rail had not 
been giving such good results as the 
earlier 50 to 70-pound rail. To over- 
come this difficulty, the rails, after 
passing through the short rolls, are 
left to cool on a table for from 45 to 
90 seconds, at the end of which time 
they are passed through the finishing 
rolls. Roiling at a lower temperature 
has produced a much better quality of 
metal, particularly in the head of the 
rail. After leaving the finishing rolls, 
the rails are sawn into lengths of 30 
or 60 feet as the case may be. They 
are then passed through the cambering 
roils, where they receive sufficient cam- 
ber to insure that when the rail is 
cooled, it will be practically true and 
straight. After they have cooled off 
upon the hot 
beds, the rails 
pass to the 
straight- 
eners, then to 
the chippers 
and filers, and 
finally to the 
stock yards, 
where they are 
loaded on to 
the cars at the 
rate of between 
7,000 and 8.vv0 
rails, or say 
3,000 tons of 
finished steel, 
per day. 

In closing 
our account of 
this wonderful 
industry, em- 
phasis should 
be laid upon 
the fact that 
the work of 
smelting the 
iron in the 
blast furnace 
is continuous 
lay and night, 
year in, year 
out, absolutely 
without inter- 
mission. The 
convert- 
crs, nowever, 
and the rolling 
mills are shut 
down from Sat- 
urday at 1:30 
o'clock in the 
afternoon to 5 
o'clock on Sun- 
day evening. 
During this in- 
terval the prod- 
uct of the 
blast furnaces, 


instead of be 


length of a 


is dumped into railroad cars for shipment, iz 








SECTIONAL VIEW THROUGH OPEN-HEARTH FURNACE, SHOWING REGULATING VALVES. CHECKER-WORK AND FI UES. 
’ 


The more perfect and extensive the piants, the more 


experienced the working staff of the 
establishments that manufacture gun 
steel and armor plate, the more speedy 
will be the completion of contracts, and 
the greater the reserve forces of tha 
nation, should it ever be called upon 
to face the crisis of a sudden war. 
There is no branch of the manufacture 
of war material that calls for more 
thorough scientific knowledge, a wider 
range of experience, and more highly 
developed mechanical appliances, than 
that of the production of Krupp steel 
for the armor and fluid-compressed 
steel for the guns of our modern war 
ships. By the courtesy of the Bethle 
hem Steel Company, we are enabled to 
present a series of views of what is 
recognized as the most important gun 
and armor plant in this country 

In the whole range of the iron and 
steel industry there is no single branch, 
not even that of railmaking, that calls 
for plant and machinery of such colos- 
sal size as this; and though the total 
output measured in mere dead weight 
does not compare with that of the in- 
dustry which has been described in the 
preceding article, it must be remem- 
bered that whereas steel rails may cost 
anywhere from $20 to $40 a ton, a fin- 
ished gun is worth $1,000 per ton, and 
finished armor plate from $400 to $500 
per ton. Nowhere among the plants 
that manufacture fton and steel in 
bulk can we find an instance where the 
elements of time and labor enter so 
largely into the cost of the finished 
product. 

Tue Oren-Hearta Process.—Broad- 
ly speaking, it may be said that the 
bulk of the steel that is annually pro- 
duced throughout the world to-day, 
with the exception of a relatively insig- 
nificant amount, is made either by the 
Bessemer or 
the epen- 
hearth process, 
The ~ former 
process was de- 
scribed in the 
preceding arti- 
cle, and every 
ton of finished 
rail that goes 
out of the Ed 
gar Thomson 
Works is made 
by the Besse 
mer process, 
At the Bethle- 
bem establish- 
ment, however, 
no Bessemer 
steel whatever 
is manufactur- 
ed, the whole 
of it being 
made by the 
open hearth 
process. T he 
conversion of 
the cast iron 
into steel by 
the Bessemer 
process is ac- 
complished, as 
we have seen, 
in from 10 to 
1 6 minutes, 
and it is the 
simplicity and 
rapidity of the 
process that 
has se greatly 
cheapened the 
cost of steel 
throughout the 
world, But 
while Hesse- 
mer steel is 
well suited for 
stee! rails and 
for a _ large 
vazsiety of 
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structura! material, it is not possible to secure by this 
rapid process the high qualities which are demanded 
in ail specifications for gun steel and armor plate; and 
it is only by the slower and more carefully watched 
and manipulated open-hearth process that these quali- 
ties can be imparted rhe uperior results obtained 
with the open-hearth pro 
cess are due to the fact 


that the process of deca! 


bonizing the cast iron be 
ing greatly protracted, it 
is possible to make a 


larger number of succes 
sive tests, and turn off the 
heat at the moment when 


the steel in the furnace 


has reached the exact com 
position required la the 
Beasemer process the im- 
purities and the whole of 
the carbon are burnt out 
of the hot metal in a few 
minutes, and the proper 


percentage of carbon is 


sought to ” secured by 
adding some spiegeleisen 
as the blown metal is being 
poured into the ‘adle. The 
open-hearth process, how 
ever, occupies from eight 
to twelve hours for each 
heat, and the operator can tell at any time 
just what is the chemical condition of the 
heat, and can control with the greatest 
nicety the temperature 

The high qualities of gun steel and ar- 
mor plate are secured by varying the com- 
position of the furnace mixture; by the 
method of treatment in the furnace; and 
by subsequent treatment of the metal by 
fluid compression, forging, tempering, and 
annealing. Gun steel must be hard, to re- 
sist the friction of the projectiles and 
erosion of the powder gases; elastic, so 
that it may give under powder pressure and 
yet return without permanent set to its 
original dimensions; and it must have a 
high ultimate breaking strength The de- 
sirable qualities for armor plate are ex- 
treme hardness at the face combined with 
great toughness throughout the whole body 
of the plate In Harveyized armor this 
toughness is secured by the introduction of 
a certain amount of nickel, and in Krupp 
armor of chromium and other elements 
during the furnace treatment. The desired 
nhysical qualities are further developed by 
that elaborate system of forging, temper- 
ing, and annealing, which renders the man- 
ufacture of armor plate so tedious and 
costly 

The open-hearth furnace is e large dish- 
shaped structure lined with refractory 
brick and sand, into which the mixture is 
loaded by powerful Wellman-Seaver elec- 
tric charging machines, that run on tracks 
laid upon the charging platform in front 
of the furnace The furnace is heated by 
producer gas, which is fed through the 
large regulating valves snown in our en- 
graving below the 


charging piat 





form From the 
valves the gas 
passes through a 
mass of firebrick 
checker - wor k 
(whose function 
is the same as 
that of the hot 
blast stove used 
in blast-furnace 
practice), and 
from the check 
er-work it enters 
the furnace 
through the 
lower flue shown 
in the engraving 
Air is admitted to 
the furnace by 
way of the valves, 
and passing 
through another 
mass of checker- 
work built along- 
side the first 
mass, finally en- 
ters the furnace 
by two flues, one 
on each side of 
the gas fue, 
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Combustion takes place at once, at a tempera- 
ture ranging from 2,700 to 3,000 degrees. The products 
of combustion pass over the charge, out at the opposite 
side of the furnace, and down through a duplicate set 
of flues and checker-work, exactly similar to those 
through which the gas and air entered, thereby raising 








HOLLOW-FORGING A GUN TUBE IN THE 5,000-TON PRESS. 





CIRCULAR PIG-CASTING MAUHINE. 
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the checkerwork to a very high temperature. About 
every twenty minutes the valves are thrown over, and 
the flow of the gases is reversed. By this regenerative 
process the gas and air enter the furnace at a temper- 
ature of from 1,500 to 1,800 degrees. As soon as the 
various impurities have veen burned out of the charge, 
and the percentage of car- 
bon, etc., brought down to 
the desired ratio, the fur- 
nace is tapped at the rear, 
and the steel is run off into 
the molds. One of our en- 
gravings shows a large in- 
got weighing 62 tons that 
has been cast to form 2 
side armor plate for the 
new battleship “Virginia.” 
The large mass at the top 
of the plate contains an 
excess of metal known as 
the “sinking head.” This 
is formed in the mold with 
the purpose of increasing 
somewhat the density of 
the metal and closing any 
cavities which might form 
during cooling in the cast- 
ing 

FLutip Compressor.—The 
metal which is to be work- 
ed up as gun steel is sub- 
jected to fluid compression, which is de- 
signed to remove certain defects that are 
common to all steel ingots not so treated. 
These defects are the formation of blow- 
holes, “piping,” which is the formation 
of a hollow cavity through the center of 
the ingot in cooling, and segregation, 
which is the mechanical and chemical sep- 
aration of the component parts of the 
solidifying steel, due to the fact that each 
of them has its own temperature of cool- 
ing. Now, by subjecting the molten metal 
during the cooling to an extremely high 
pressure, the above-mentioned defects are 
prevented, or at least very largely miti- 
gated. The 7,000-ton press, as herewith il- 
lustrated, is of monumental proportions. 
It consists of an upper head weighing 120 
tons, which carries the plunger, a 135-ton 
base, containing the hydraulic cylinder, 
and four vertical connecting columns, each 
50 feet long and 19 inches in diameter. 
After the molten metal has been poured 
into the mold, which is built up in sec- 
tions, the mold is raised under a pressure 
of 7,000 tons, and a plunger attached to 
the head bears down upon the fluid metal, 
preventing its escape and compressing it. 
When the ingot has cooled, the ends are 
cut off in a lathe, and an axial hole is 
bored through its center. It is then placed 
in the furnace, and being hollow, heating 
takes place very evenly throughout the 
whole mass, and the danger of cracking is 
removed. The ingot is removed from the 
furnace at a temperature of about 1,900 
degrees, a steel mandrel is passed through 
its center, and it is placed under the hy- 
draulic forging press. The mandrel 
serves as an in- 
ternal anvil, and 
the work of the 
press is concen- 
trated upon less 
than half of the 
thickness of met- 
al that it would 
act upon if the 
piece were solid 
throughout. Thus 
the metal re- 
ceives that thor- 
ough “working” 
which is the very 
soul of first-class 
forging. All ar- 
mor plate and 
gun forging is 
done at the Beth- 
lehem Works un- 
der hydraulic 
presses, of which 
there are three— 
one of 2,500 tons, 
another of 5,000 
tons, and a huge 
affair of 14,000 
tons, the first «wo 
being used for 
gun _ forgings 
while the biggest 
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press, a truly rantic structure, is mostly engaged in are necessary in the production of such large pieces scent point, there is no time during the cooling process 
the manufacture of great masses of armor plate set up in te work a complication of forging strains for the formation of crystals, and the result of the re- 

Tue Hy AULI FoRGING Press.—The general con- which are velieved by treatment in the annealing fur adjustment of the molecules which takes place is to give 
struction of ‘ lraulic press is similar to that above nace, Jn c.his process the forging is slowly and care- that high elastic limit and ultimate tensile strength 
described of the fluid compressor. The hydraulic cylin- fully heated to a temperature slightly above the point that characterize gun steel. The forgings are again 
ders are ried in the upper head, and the travel of at which crystallization is destroyed and the molecules annealed to relieve the metal of any hardening due to 
the | I trolled by a hydraulic lever in the thrown into an amorphous condition, and it is then al- the cooling process, and they are then taken to the 





GROUP OF 6, 3 AND 1 POUNDER GUNS IN GUN SHO}, FOUR-INCH, 50-CALIBER GUN AT PROVING GROUND. 


vt 


4, 
=e 





LIFTING FROM THE CASTING PIT A 62 TON INGOT FOR SIDE ARMOR OF BATTLE ERECTING BARBETTES OF THE BATTLESHIP “LOUISIANA; ” GRINDING 
SHIP “VIRGINIA;” PART OF MOLD STILL ATTACHED AT LASE. DOWN ROUGH EDGES AT THE JOINTS. 

hands of an attendant 4 disk and pointer attached to lowed to cool very slowly. During the cooling the mole- machine shop, where they are bored, turned, and as- 
the side of the press indicate the number of inches of cules rearrange themselves, leaving the metal in a state embled or built up into the finished gun. A chapter 
Stroke of the piston. and as the same length of stroke of complete rest After annealing, the forgings are oil could be written on this interesting department; but 
iS Maintained ! ehout a complete revolution of tempered to impart ithe necessary toughness, This is we must be content to refer to the accompanying views 
the forgin n the press, the piece is roughed out with done by lowering the piece into a large cylindrical fur of some of the latest finished guns, and direct the read- 
aM accuracy a ) diameter and tine that greatly re- nace, whence it is lifted at a predetermined temperature er’s attention to the chapter by John F. Meigs, the erd- 
duces subsequent work in the machine shop and lowered suddenly into a bath of cold oil. As the nance expert of the Bethlehem Steel Works, at the 


ANNEALING rhe successive heating and forging that temperature of the piece is slightly above the recale- commencement of this issue, 








Vi ' e oF Al PI \ ilread ex plain- 
i, t n plate I l vith a large excess 
or meta whicl I both a i kit head and 
1180 Aa ide ort ¢ ha ‘ mh the normou 
’ ma manly ated n the mandaré if the ! 
cdrau and trat | from the furnace 
The x of u i in arn 4 ngot greater 
tha hat ¢ ul other ma metal casting, the fin 
ished plate representil 0 a average about 40 per! 
cent or! f the original ca I Some of these cast 
ngs we has high a »,000 pounds When the ingot 
has beer iuled to the forge, its sinking head is 
placed in one en f a massi ast-steel sleeve, from the 


which projects a long steel bar about two 


feet in diameter, which is provided with sliding balance 
weight The sleeve | ipported in an endless chain 
‘ing from an overhead crane, by which it is transferred 
from the heating furnace to the hydraulic press. Here 
the total “squeeze” given to the plate when it is upon 
the anvil is the same as though a big battleship like 


the Maine were permitted bear with its full weight 
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cars and transported from one building to another, un 


dergoing operation after operation, until at last it is 


ready for the process of hardening, which consists of 
heating the plate to a temperature slightly above the 
recalescent point, and then case-spraying it with in 
numerable streams of water delivered under high pres 
ure. Then follows the oil-tempering, to remove strains, 
to the 


the hardening, the plate is again 


and another heating for the final “rectification” 
After 


taken to the machine shop, where additional tests are 


proper shape 


taken for the satisfaction of the navy inspectors, and 
grind 


it receives its finished machining by means o 


ing machines. In the rough-machining already alluded 


to, the plate was brought practically to its finished 


shape and size, and now that its face has been hardened 
the half of 
extremely hard surface by means of the emery grinders 


it is only possible to act upon inch and a 


All the warped surfaces, such as those at the portholes, 


at the sighting hoods, etc., have to be chipped and fin 
ished by hand with files, the outer hardened portion be- 
ing ground down 


Then follows the drilling of the 
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paid for armor plate. We have endeavored t 


» indicate 


in the course of this article some of the causes of this 
high cost he most important of which is the great 
length of time required for the successful manufac- 
ture of a plate; for, on an average every plate is be 


ing constantly worked upon, either in furnace, forge, 
machine shop, or annealing and tempering depart- 
ment, for a continuous period of nine months. Other 


high are: the large number of 


the frequency 


causes of cost 


separate 


operations with which the great masses 


must be transported, and the distances over which they 


must be carried in their journey from one department 


to another To illustrate the vast scale on which the 


works are laid out and the distances to be covered from 


shop to shop, we may mention that the whole establish- 


ment extends in one direction continuously for a 
leneth of a 
fifty 


making a 


mile and a quarter, and that the forty or 


and which 


Krupp 


handlings transshipments, oceur in 


single plate, take place in and be- 


the structure, 
1,950 feet in length; the ma- 
116% 


buildings as 
feet 


such 
is 111 


tween open-hearth 


which wide by 
chine 


feet in 


shop 


width by 





upon it rhe ma 

ive forgire is lifted 
turred over, flatten 
ed kneaded as it 


brought 


down to size with 
an ease which must 
be seen to be appre 
lated At the first 


forging the ingot is 


roughed down to 
the ‘approximat 
shape of the finish 
ed armor plate, but 
siderably 


thicker it is 


j > ‘ 
now 
ready for that most 
important process 
of hardening the 
face technically 
known as cementa 


tion fhis varies 
greatly in its «e 
tails for Harvey 
and for Krupp al! 
mor although its 
general principl: 
are th same in 


both processes the 


plate placed in a 
furnace and ex 
posed for from 
three to four weeks 
to the action ot 
highly car bonac 
eous material in 


the case of the Mar 


vey plate the car 


bonizing is effected 
by a layer of bone 
dust, charcoal, and 
other suitable mate 
rial In the Krupp 


process the carbon 


ving agent is used 


im the form of a 








1,375 


feet in 


length; the armor 
forge, 850 feet in 
length; and a face 


hardening depart- 


ment and an ar- 
mor-plate machine 
shop, both of which 
are but little less in 
size. Further ele- 
ments of 
the 


centage of 


expense 


are large per- 
losses 
which is liable to 


occur, the high first 


cost of the exten- 
sive plants that 
must be Jaid down, 
and the fact that 
new and improved 


methods of manu- 


facture may at any 


time render the 
plant more or less 
obsolete The 
greater cost of the 


Krupp armor is 


largely compensat- 
ed for by its much 
greater resisting 
qualities, which 
make it possible to 
defen- 


sive qualities for 20 


give equal 
to 25 per cent less 
weight of armor. 
—_02-eo— 
STATISTICS 
OF OURIRON 
ANDSTEEL 
PRODUC. 
TION. 
T he _ statement 
that last year forty 








ra After the plat per cent of the pig 
has taken up an ex iron in the world 
oess of carvon for was produced in 
the depth of an the United States 
inch and a quarter gives one no very 
to an inch and a definite realization 
half, it is returned of the quantity of 
to the forge, heated that product, 
anc ed down to though he be re 
the . shed thick ; minded on every 
ness Then it is Se: An NY hand by iron and 
transferred to the steel ships, bridges, 
machine ho p STRAIGHTENING A 14-INCH ARMOR PLATE UNDER A HYDRAULIC PRESS. railroads, build 
where test speci- ings, machinery, 
mens are removed and subjected to tensile tests in the holes for the bolts by which the armor is fastened tools, nails, tacks, etc., ad nauseam, that this is the 
presence of naval inspectors. Here the plate awn to the backing and framework of the ship, and the iron age. Even the statement that the United States 
down to the correct size, and such machining a nec tapping of the bolt holes, after which the armor plates last year mined over thirty million long: tons of 
essary is done upon it. We present some illustrations are assembled to make sure that the joints are true and iron oF gives one no adequate impression of the 


of the remarkable collection of machinery in the ar 


mor-plate machine shop. It was all built specially for 


this work, and is framed on a colossa! scale. In one 


place will be seen a circular saw that is capable of tak 


ing a cut through a steel plate 24 inches in thickness 


and 33 feet long. Elsewhere wil! be seen a huge rotary 


laner engaged in taking a 6-inch cut from the edge of 


a 10-inch plate faster than a saw will cut on a 6-inch 


strip from the same plate. Practically the whole of 


the machine work has to be done before the final hard 
ening of the armor-plate by the water spray, for the 
steel tool does not exist that can touch the hardened 
face of a Harvey or Krupp plate The plate then takes 
a journey to the fore: iin, where it carefully 
straightened or bent. as | case may | ind brought 
to the desired form rime and a the huge mass 


weighing a8 much as a locomotive, w e lifted on to 


One of our illustrations shows the barbettes for 


ciose 
the battleship “Louisiana” in the erecting shop, and 
the workmen busy with the grinding wheels, finishing 


off the top edges and smoothing down irregularities in 


the vertical joints. Each grinder is operated by a rope 
drive from a portable motor standing on the floor of the 

After the the 
tried in the is inspected carefully 


Then it 


shop has been assembled and 


bolts 


armor 
bolt holes, it 


by government representatives is taken down 


the bolt holes are filled with tallow and white lead, 
and the plates stamped with the name of the vessel and 
the part of the ship to which plate is assigned. The 


final operation is the weighing, which, in the case of 
such costly material, is carried out with the greatest 
care 

Wuy Armor PLATE ts Costry.—The general public 
has always been mystified at the extremely high price 


this amount. On the other hand, if one 


the entire iron ore production of the year 
com- 


vastness of 
should see 
piled up in a single heap, he would readily 
prehend this quantity by a comparison of the pile with 
familiar objects in the landscape. This shows us that 
it is large numbers instead of large quantities which 
confuse the mind; for example, the statement that 4 
wagon holds over 30.000,000 grains of coal would give 
a person a very hazy idea of the actual quantity speci- 
fied 


tity 


but he would immediately comprehend the qual 
if told that it represented two tons; for a larger 
thereby reducing the 
Thus 


in trying to represent to our readers just how large are 


unit of weight would be used 


count to a figure well within the mental grasp. 
the quantities of materials used in the iron and steel 
industry, we have endeavored to choose larger units of 


measurement; and finding that our standard measures 


- 


wv = WS 


nd 


‘(ew 


ry, 


Les 


ith 
rat 
ich 
r a 
ive 
aci- 
an- 
ger 
the 
nus 
are 
‘eel 
: of 
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are far too smal) for the purpose, we have resorted to 
the use of familiar landmarks as bases of comparison. 
As a unit of bulk, no larger single monument has 
man produced than the old pyramid of Cheops, and 
jarge though it be, it is all too small when used as a 
init by which to measure the stupendous volume of 
material used in our pig-iron production of a single 
year. In the accompanying illustration, the huge blast 
furnace shown at the left represents a furnace which 
would receive at a single charge all our iron ore pro- 
duction during the year 1902, together with the fuel 
The charge measures approxi- 


an. limestone used, 


mately two bil 
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increase over former years, so that our column would 
probably be made up of two parts bituminous to one 
anthracite coal. Their combined bulk would form a 
column 200 feet square by 1,300 feet high—a midget 
in comparison to the coke column, but not so small 
after all when compared with the Park Row Build- 
ing. 

Charcoal, which is the smallest item in the fuel sta- 
tistics for 1902, or about one-fifth of the number of 
tons of coal, yet forms a column nearly two-thirds 
the height of the coal column, or twice that of the 
Park Row Building 


431 


PIG TRON. 

All the above-mentioned materials were used 
last year to produce 17,821,307 tons of pig iron. 
This makes a column twice the height of the Eiffel 
Tower, the tallest monument to human skill in the 
world. 

STEEL, 

The larger part of the pig-iron production of this 
country is converted into steel; 14,947,250 tons repre- 
sent the total output for last year. Of this, 9,155 
363 tons was made by the Bessemer process, 5,687,/29 
by the open-hearth process, and 121,158 tons was crucl- 

ble steel. 





lion cubic feet 
yx to use our 
proposed unit 
of bulk, this 
would be equi 
valent to twen 
ty-four pyra 
mids, AS many 
individuals 
may have 
formed no ade- 
quate 
tion of the size 


concep- 
of the Great 
Pyramid, we 
have used as 
an additional! 
basis of com 
parison t h e 
tallest building 
in the world, 
namely, the 
Park Row 
Building in 
New York 
This building 
measures 390 
feet in height 
and it 
require thir 


would 


teen such 
buildings 
placed one 
above the 
other, to equal 
the height of 
our hypothet 
ical blast fur 
nace. 
FUEL. 

Of the con- 
tents of the 
blast furnace, +-- 
by far the 
larger bulk is 
fuel, though 
the weight ol 
the iron ore 
is almost twice 
that of the 
fuel. The 
square columns 
in our illustra 


sae, ee 


tion will serve 


” 


lo give one 


some idea of sl 
the amount of : 
PACITY | 


fuel consumed 


{OO FF Hic 


last year by 
the blast fur 
naces of the Gu Fei 
United States. 7. 
No exact fig 
ures are avail- 
able for 1902 
but a fair esti 
mate would be 
about 16,000,- 
000 tons of 
coke, 1,600,000 A 
tons of coal, Pie 

and 300,000 1214 \- 
tons of char ape’ APA 
coal. Coke is 


~ 








&,000,000,00 


BLAST FURNACE 





buat 


an APR lit se 





PARKAOW 
BUAOIKG NAIL 


WASHINGTON 
MONUMENT 


mer ROP CHA 
BUILDING COKE COAL COAL 
— 6) AM NS 


HAR- 


FINISHED PRO- 
pucts, 

Of the finish- 
ed products for 
the year, 2,947,- 
933 tons repre- 
sent the 





7 






j amount of iron 
; and steel form- 
; ed into rails, 
bee If all this met, 
so al were rolled 
ih! into a single 
3 rail of stand- 
& ard  propor- 
ie tions, it would 


‘J 


measure a p- 
proximately 81 
feet high, and 
would be about 
a mile and one- 
fifth leng. The 
base would, of 
course, equal 
the height, and 
the tread 
would have a 
width of 43 
feet. In our il- 
lustration w e 
have shown the 
relative pro- 
portions of a 
locomotive of 
average size, 
placed on this 
rail 

Next in 
quantity to the 
iron and steel 
rail production 
is last year's 
output of 
plates and 
sheets; 2,665,- 
409 tons of 
metal were 
thus converted. 
This amount, 
if rolled tato ; 
single sheet o1 
No, 30 stand 
ard gage, 
which is the 
thinnest sheet 
steel commer- 
cially used, 
would cover 
4120 square 


Saaremaa 
SEDs 


2 WD reece ene 
S. 


LS gees 
aS 


M/RE 
NAIL TOWER 


miles, or near- 
ly twenty times 
the area of the 
island of Man- 
hattan. The 
extent of this 
area is illus 
trated in the 
accompanying 
map of New 
York city and 
its vicinity. 
The produe- 
tion of nails 
forms no smal! 





L/Me- RON Fr eL 
STONE ORE Tuwe® 


me 
iON STEEL 








80 light that if 
the 16,000,000 
tons were built 
up in a column 400 feet square, the column would 
reach an altitude of 6,500 feet No human monument 
is large enough to give us, by comparison with this 
column, any idea of such a height If the base of the 
column were situated at sea level, a person at the top 
could look down on the summit of Mount Washington, 
N. H., and it would overtop every mountain in this 
country east of the Rockies 

Our column of coal includes both anthracite and 
bituminous. In the last two years there has been a 
considerable falling off in the use of anthracite while 
bituminous coal mixed with coke has shown a great 


INDUSTRY IN THE UNITED STATES. 


FLUX. 

The amount of limestone used for fluxing purposes 
last year amounted to 9,490,090 tons. This would 
make a column 5,500 feet high, with a cross section 
200 feet square. It may be interesting to note here 
that oyster shells are used in une of the furnaces in 
Maryland in place of limestone. 

IRON ORE. 

The next column, which is of a heighc equal to that 
of the coke column, is composed of 34,636,121 tons of 
iron ore. However, this represents in bulk only one- 
quarter that of the coke, 


GUMPAKATIVE DIAGRAM SHOWING THE TOTAL ANNUAL AMOUNT OF RAW AND FINISHED MATEKIALS OF THE [KON AND STEEL 


part of the fin 
ished products 
for the year. 
Wire nails represent, of course, a much larger 
part of the output. The totals are 10,982,246 100- 
pound kegs of wire nails and 1.633.762 100-pound 
kegs of cut nails, Following the method in our two 
comparisons, we have represented each 
amount by a single nai} of standard proportions. The 
cut nail would tower far above the Park Row Build- 
ing, measuring almost exactly the height of the Wash- 
ington Monument, while the wire nail would rise to 
nearly double this heiht, overtopping the Eiffel Tower, 
and forming a solid column of metal 54 feet in diam- 
eter and 1,000 feet high, 


previous 
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at | how a tensile strength 





MANUFACTURE 
OF BRIDGE 
AND BUILDING 


of not more than 10,000 
pounds below the test 
specimen of the grade 












STRUCTURAL | 
SHAPES. ae of steel from which 
a 
It was a wise choice — | they are rolled They 
Kt y ) 
which selected the term ae / must also show not less 
ia | y, 

“structural shapes to a ——— — than 10 per cent elon 

designate the wide var i (pea gation in the body 
t t tra: ty Re 1 ay ot 
lety of angleirons, 7 ali T ryt T the bar, and they must 
irone, I-beams. Z-bars mk j ! ie ma ; break in the body and 
channel! irons and built bid! not in the eye The 





up posts, beams, and ome hearts, peat te 
Bessemer steel is made 























Ba 
girders which are used eal | 
in modern iron and 3 at these works) con 
sists of ten furnaces, 
would be scarcely pos | each of about 30 tons 
sible to find any term capacity, and one tilt 








ing furnace of 75 tons 





that would so descrip \ 
capacity, the total out- 


put of which is 4,600 








| 

| 
steel construction, for it | 
i) 

| 
tively apply to every | | 
| 







Single member of an ex 








/ | 
6 ae A ‘it ru 


tons of ingots per week, 








tremely numerous clas ; ou 

; . = ee ~~. 
of manufactured art y In the stock yard the 
cles. There is no other | ; : im . raw materials consist of 
branch of the iron and — ofp ore, scrap steel (such 
steel industry, perhaps, he on as junk, crop. ends, 


punchings, and general 


in which the American 
citizen has more reason scrap from the con- 











to take pride than this Te extreme right is the chimney; then follow: A, air and gas reversing valves ; B, charging machine; C, buggies from which charger picks up boxes of struction shop), and 
be xture,”’ thrusts them into furnace and enypties them ; D, Wellman rolling furnace. showing charging door, g t. and b r inde P 
for upon no other have mixture ru . em int ace an mpties the ellman rolling furnace vowing charging door, pouring spout, and hydraulic cylioder pig iron. rhe pig is 
for pulling over; E, ladle crane, with its crane in position over a wuld for pouring an ingot. , 
melted in cupolas and 


we stamped our nation 
al individuality so deep 
ly. The American 
bridge and the American composite 
Steel-and-masonry building are two 
forms of construction that are recog 


SECTIONAL VIEW, SHOWING RELATIVE POSITIONS OF PARTS OF A WELLMAN OPEN-HEARTH PLANT. run into the _ open- 
hearth furnaces, where 
an equal proportion of cold scrap is 





added. One of our engravings shows 
a hydraulic ladle crane into which 


nized the world over as having re- the contents of the 75-ton furnace are 
ceived their most marked develop poured, the crane with its burden be 
ment in this country Of bridge . ing then swung around over the cast- 
building particularly it may be said , ing pit and the hot meta! poured into 
that it is to the improved methods of the ingot molds through the bottom 
of the ladle in the usual way 


Rotting Muus.—To take care ot 


the 46,000 tons of ingots turned out 


manufacture and of shop manage 
ment, coupled with a system of de 


Sign that has an eye always to ex 
peditious and economical work in the every week from the open-hearth de 
construction shop, that the great ra partment calls for an extensive plant 
in the rolling mills This consists 


pidity and cheapness of construction 
of a 23-inch three-high roll train 


and erection of American bridges is 
due From among the many great used for rolling shapes; a 12-inch 
“structural works of the country three-high roll train used for smal! 
that make bridge building a spe bars, angles, T-irons, etc., and a large 
laity, we have selected for the pres 23 to 28-inch mill, comprising a 2s 
ent description the Pencoyd Iron inch two-high reversing roughing 


Works, of Pencoyd, Pa The choice 
was made for the double reason that 


mill, and a 23-inch three-high finish- 
ing mill, each driven by 30 x 36-inch 


these works are among the largest double reversing engines, geared di 





rect to the mills. In this mill, whose 





and most representative in this coun 
weekiy output is from 2,000 to 3,000 





try, and that they are particularly fa 
tons, angles are rolled up to 190 feet 


POURING SIDE OF 20-10N OPEN-HEARTH FURNACES, WITH FORE HEARTH IN in length, and beams up to 100 feet 

POSITION. the blooms from which they are made 
weighing from 
1,150 to 6,000 





miliar to the American public be 
cause of their successful and widely 
advertised competition with foreign 


builders, in which 





they secured the 
contract for the pounds each, Lesi 

ly, there is a 36- 
inch two-high 
mill, which pre 
pares the steel for 
the finishing 
mills, that has 
turned out as 
much as_ 3,800 
tons of blooms 
and billets’ per 
week, When the 


construction ot! 
the Atbara Bridge 
in the Soudan 
Tuk OpeEN 
HeartH PLAN’ 
The shapes are 
rolled entirely 
from basic open 
hearth steel, three 
grades being pro 


duced “rivet 
“soft,” and “me shapes are rolled 
dium The riv they are sawed 


into the desired 
lengths, taken to 
the hot-beds to 
cool, straightened, 
and then cut to 
exact length. The 


et steel has an ul 
timate strength of 
from 48,000 to 
68.000 pounda; 
soft steel, of from 


62.000 to 62,000 
material is now 


pounds; and the 
ready for the con- 


medium of from 
60,000 to 70,000 


struction shop. 
pounds In each BripGe ANv CON- 
STRUCTION SHOP.— 
In this depart- 
ment, which is 
housed in a build- 
ing 200 feet wide 
by 460 feet long, 


case the reauired 
elastic limit is not 
less than half the 
uitimate strength, 
and the test 


pieces of steel 
great care hat 


been taken to 
make the opera 
tion of building 
the angles, chan 


must be capable 
of being bent over 
upon themselves 
to an angle of 180 
degrees without 
fracture, while 


nels, tees, and 
various shapes UP 
into finished 
bridge members 





the eye-bars used 











in bridge con 
struction must HYPKAULIC LADLE CRANE, INTO WHICH CONTENTS OF 75-TON OPEN-HeostH FUSNAUK ABE TAPPE) 
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as continuous as 


ling and transportation 


the rolling ml 

wooden templates 

rivet, angle isset, etc., is marked 
building up the 

chief requisites being great care and 
shapes are sawti 

it is called for by the drawings, the 
sides and e! are planed and faced 
down All pinholes are first punched 
and then bored to exact diameters 
but the maller holes for bolts and 
rive at unched, and for doing this 
wo ome very highly developed 
machinery, driven by electrical pow 


er. has been installed. The prelimin 


iry Wor bein now completed, the 
ieces are assembled, bolted together 
vet holes properly registered (by 


reaming them if necessary), and final 
ly they are riveted up by hydraulic 
und pneumatic riveters. One of our 
illustration hows a portable pneu- 
matic riveter at work upon a large 
end post, weighing 30 ton for a 
bridge across t Mississippi, and an- 
other represent 1 massive floor beam 
intended for the same bridge, being 
riveted in a large under-hung 190-ton 
hydraulic lift riveter. The develop- 
ment of labor-saving machinery in 
this shop is an exceedingly interest- 
ing study, which limitations of space 


alone prevent us from taking up at 


this time. Steam has given place en 
tirely to electricity, practically all 
of the tools being driven by indepen- 


dent electric motors, while electric 


power hoists and reamers, pneumatic 


possible, with a minimum of hand 
At the end of the shop next 
the shapes are carefully laid out by 
in which the exact position of every 
The operation of 
bridge material is a simple one, the 


or sheared to exact length, and, where 
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accuracy. The 
done in an 


annealing furnaces. 


ingenious hydraulic machine, 


construction of eye-bars, and in the shop devoted to 
this work is found a complete equipment of hydraulic 
machinery, including pumps, accumulators, an upset- 
ting machine for forming the heads of the eye-bars, 
and a collection of shearing, punching, rolling, and 
straightening tools with the necessary heating and 
The upsetting of the eye-bars is 


in which 


433 


the heated end of the eye-bar is brought up to the 
desired circular form by means of a hydraulic press, 
carrying a three-fold die. The formation of the head 
is completed in a single operation. The head is then 
forged and punched at one heat, ready for the finish 
boring. Eye-bars are formed up in this machine to a 
size of 8 inches width of body and 18 inches diameter 
of head. When an order of eye-bars is completed, a 

full-sized test is sometimes made by 











pulling one of the bars asunder in a 
hydraulic testing machine with a 
maximum capacity of 700 tons 

In conclusion we give some facts 
regarding the rivet and bolt shops. 
As we have indicated in the opening 
ot this paper, a special grade of steel, 
known as rivet steel, is used which 
has an ultimate breaking strength of 
from 48,000 to 58,000 pounds, ‘lhe 
ivets and bolts are made in special 
machines which turn them out with 
extraordinary rapidity, Thus, in a 
single month over 850.000 pounds of 
rivets and about 220,000 pounds of 
bolts have been made in this depart 
ment As illustrating the remark- 
able growth of a single typical Am- 
erican bridge and construction works, 
it may be noted that whereas in 1853, 
the first year of operation of the 
works, the total output was 304 gross 
tons, it had grown in 1860 to 1,476 
tons; in 1870 to 6,700 tons; in 1880 to 
over 15,000 tons. By 1890, the bridge 
and construction department turned 
out 26,065 tons and the ro!ling mill 
department 48,230 tons; while in 
1902 the respective totals were 87,0LU 
and 180,000 tons. 


—_———se) oa 

The Trinity House authorities 
have given notice of severa! impor- 
tant alterations at the lighthouses 
on the south coast of England aid 
in the English Channel. The one of 
the greatest importance to all navi 
gators of the Channe! is that relat- 
ing to the Lizard lighthouses. Here 
the two fixed white lights hitherto 
exhibited have been discontinued, 











riveters, and other pneumatic tools 
are supplied so liberally that it is a 
rarity to see hand work being done 
al part of the shop As the work 
oO eted, it reaches the opposite 
‘ {f the she from that at which 
it entered, from which it is moved 
‘ into the " for finished ma 
t 1 where it oaded onto the 
cal I t » overhead cranes of 30 
t ( ) i hipped to it des 
tination lhe total capacity of the RIVETING UP A MASSIVE 35-TON CHORD SECTION FOR NEW BRIDGE ACROSS THE 
brid nd const tion department MISSISSIPPI AT THEBES, ILL. 
including th 
eve-bDat 4 i 
for Ss. i 
{ t ol 
i mater 
ial per month 
\\ plans ol 
nla ement 
have be cal 
ried out he 
icity \ i 
‘ raised to 
out 000 
on » € I 
month 
Ey! Ba 
HO! One ofl 
the most im 
Oortant 
Dranchesol 

















bridge manu- 


facture i the 


READY FOR SHIPMENT. 


THE SHIPPING YARD, WITH COMPLETED PLATE-GIRDER BRIDGES, 


and in lieu thereof a white electric 
light, of great brilliancy, is exhibit- 
ed from the eastern tower, flashing 








once every five 
seconds, and 
lasting only for 
a quarter of a 
second. In ad- 
dition & con- 
tinuous light 
of smal! power 
may be visible 
for about 
twelve miles 
under certain 
circumstances 
The subsidiary 
fixed white 
light proposed 
to be exhipited 
from the east- 
ern tower will 
not be shown 








100-TON HYDRAULIC RIVETER AT WORK ON 


for the pres- 
HEAVY FLOORBEAM. ent. 





























A PAIR OF LARGE FLECTRIC GANTRY DRILLING MACHINES, EACH 
‘ARBYV'IWO EIGHT ORITIS OF PTVE.POOT RANITE w« 


ELECTBIC BEAM PUNCHING MACHINE; WORK IS FED BY MOTOR-DEIVEN 


ROLLER TABLE? AT BIGHT OF CUT 


scans 
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MANUFACTURE OF STEEL PIPE. 


The wrought-iron pipe and tube irdustry w one of 
the last to discard puddled iron 1: favor of Bessemer 
steel Manufacturers were fully ative to the advan 
tages of strength and low cost presented | the use of 
steel, but for several years they ex- 
perienced difficulty in making lap 
and butt-welded tee! pipe tha 
vould present the ame trengeth ir 
the weld as in the body of the pipe 
t ately, after much discouragin 
failure, tl problem was solved, an 
for severa years the market has 
been supplied with steel pipe and tub 
ing that a trong, and if anything 
stronge! it the weld than at an 
other point 

rhe National Tube Worl whose 
plant is the largest of the kind in the 
worid, has been selected for 
the present description of 
the manufacture of steel 
pipe This great establish 
ment covers an area of over 


100 acre and gives employ 


ment to between 7,000 and 


5.000 men During every 


working day of the year raw 


materials are consumed at 


the rate of 1,200 tons of ore 


1.800 tons of coal, 850 tons 


of coke and 350 tons of lime 


stone; while the total output 


of pipe and tubing during 
the 
tons 

Tue Bast 


the 


year is abeut 310,000 


FURNACES in 


manufacture of a grade 


) steel whose most desir 


able quality is its ability to 


form a perfectly reliable 


weld, great care must be ex 


ercised in the selection and 


mixture of the pig iron be 


treated in the con 


For 


fore ii is 


verters this reason it 


was deemed expedient for 
the company to erect it 
own blast furnaces, and for 


many years it has ceased to 


buy in the open market. At 


present the plant contains 

two blast furnaces, with a capacity of about 700 
tons per twenty-four hours; but this department, like 
many others in this plant, is now being doubled As 


the metal is tapped it is taken in ladles to a straight 


line casting machine, where it is cast into pigs. A test 
specimen of each cast is carefully analyzed, and a rec- 
ord of its composition kept, and when the cupolas In 


which the cast iron is melted down for treatment in the 


converters are charged, the pig is selected from differ- 

ent casts with reference to its composition, so that the 
molten cast iron as it is poured into the converters will 
ave the desired 


proportions of sili 
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ment During the first three or four minutes of the 


process, the graphitic carbon in the cast iron is changed 
combines with 


and the silicon 


in the form of silica, which in 


into combined carbon, 


the oxygen of the blast 


slag, by combination with the iron and 


forms 


its turn 








FORMING UP PIPE, READY FOR WELDING 


manganese During these change there is a great 
increase in the volume and brightness of the flame 
that rushes from the converter’s mouth, and the tem- 
perature rises until the second stage, known as the 


This lasts for about eight minutes, 
during which brilliancy of the 
flame further and burning 
iron and incandescent slag are thrown from the mouth 
of the converter, at times with an explosive effect. 
When the boil is completed the flame dies down consid- 
faint tint, the shower of 


“boil,” is reached. 
time the volume and 


increase, vast showers of 


erably, and takes on a rosy 
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sparks becoming less violent This is known as the 
“fining” stage, and lasts for a few minutes. At the 
conclusion of the process, when practically the whole 


of the carbon has been burned out of the charge, the 


flame suddenly dies away, indicating that the iron has 


been purified and rid of its carbon, 
The metal is now poured into the 
casting ladle, and a certain amount 


of ferromanganese is run into the 
the 


manganese and carbon. 


same ladle to give desired pro- 


portions of 


BLOOMING Mitt The metal is then 
cast into ingots, which are heated 
in the soaking pits and rolled down 
into blooms in the blooming mill, 
This mill, which is of massive con- 


(see illustration) is driven 


struction 


by a pair of horizontal reversing en- 


gines of 3,000 horse power. On each 
the 


rollers 


side of rolls is a long 


table of which, like 


the rolls of the mill, are re- 


versible. The white-hot in- 
got, weighing 2 tons, is 
picked up out of the soak- 


ing pit by an overhead elec- 
trical crane, and placed upon 
the by the ac- 


tion of its 


table, which, 


rollers, runs the 


mass quickly into the rolls 


As soon as it has passed 
through, the engines are re- 
versed, the rolls being 
brought a little closer to- 
gether by means of a pair 
of massive screws set in the 


the ingot re 


reduction in 


standards, and 
ceives another 
thickness 
until it 

down to the desired section, 


This is repeated 
has been brought 
when it is sheared into short 
lengths, known as slabs and 
billets 

THE 
Milt 
and 


SKELP 
reheated 


CONTINUOUS 
These are 
rolled down in a 


mill 


are 
continuous into lonz 
thin sheets known as skelp, 
The mill, which 


is 300 is of 


continuous 
feet in length, 


particular interest, not only 


as being one of the largest of its kind in existence, 
but also as being the first of its type to be erected in 


this The continuous mill consists of a large 
number of successive pairs of rolls, placed one beyond 
the other, with increasing intervals between them. ‘The 
billet as it is carried through each pair is reduced in 
thickness and increased in length, until it issues from 
the last pair of rolls in the form of a long, narrow plate 
The skelp is rolled in sizes from the 
pipes up to the great 
which are needed 
for a 30-inch 
In the smaller sizes 


country. 


known as skelp. 
thin, 
sheets, 


for smaller 
width, 


strips 
feet in 


narrow 
about 8 
pipe 





con and sulphur 
Tue CONVERTERS 


—The pig iron is 


melted down in 
three cupolas 10 
feet in diameter 
and 30 feet in 


height, the charge 


sting of graded 


cone! 
pig iron, coke, and 
limestone, These 


cupolas are in con 
tinuous operation; 


and as the iron 
melts it is 
off 


two &-ton 


drawn 
and taken to 
Bessemer 
converters, one of 
which is shown in 
our front-page en 
graving. Experience 
has proved that in 
order to secure 
thoroughly reliable 
lap and butt-welded 
tubing it is neces- 
sary to produce a 
quality of 


mild steel 


special 


in which 


it is most impor- 
tant to secure the 
proper proportion 


of carbon; and this 
is secured by exer- 





cising the greatest \ 


care during the 





of pipe, the width 
of the skelp is suffi- 


cientiy uniform to 


dispense with the 
necessity of trim- 
ming up with the 
shears; but the 


skelp for large pip- 
ing has to be care- 
fully 


down to 


trimmed 
the 
dimensions, 
Tue Pipe 
— Broadly 
ing, all the tubing 
manufactured at 


right 


MILLS. 


speak- 


this establishment 
may be divided into 
two classes, butt- 
welded and _ lap- 


welded; the former 
including all tubing 
from % inch u> to 
1% inches, and the 
latter all sizes from 
114 inches up to 30 
In the butt 
which 
wat- 


made 


inches. 
mills in 
small gas and 
er pipe is 

there are six weld- 
furr2ccs, 
while in the lap 
welded, mills there 
are ten bending ga% 
and twelve welding 


ing gas 





Sc Ba | a A 





converter treat 


BLOOMING ROLLS IN 


WHICE THE 2'¢-TON INGOT IS ROLLED DOWN 


INTO BLOOMS. gas furnaces, 
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LAP- WELDING rhe plates for the larger sizes of pipe ing left on the inner edge. The end of the pipe factured from bars of iron of about the thickness and 
are first laid upon a traveling table, and the edges scart is swaged down slightly, the flange pushed on over width of the coupling. The smaller sizes are made in 
ed or beveled It is then heated in a bending furnace it, and the edge of the pipe beaded over to keep the a special machine, which cuts off the desired length of 
and rolled up into pipe form with the scarfed edges flange in place in the furnace. When the work has bar iron and forms it up on a mandrel with wonderful 
overlapping. The plates for the smaller sizes are form- reached a welding heat, the pipe is swung onto a con- rapidity. The pieces are then heated in a welding fur 
ed up by being drawn through nace, and welded under a 


the die shown in the accom- quick-acting steam hammer 


panyin illustration This The larger sizes are formed 


ts of a stout cast iron from bar iron, which is « 


consis 
bending die, the front half of into the desired length, th 


which next the furnace door pieces being formed up on the 
is fil 
plate Inside the die is a 
mandrel of the shape shown 


red out to receive the interesting machine shown in 


the accompanying engraving 
This consists of a_ vertical 
in the smaller engraving, cylindrical mandrel of about 
whose rear portion is of about the size of the desired coup 
the size of the finished pipe. As ling, and around this mandrel 
the plate is pushed out of the travels, at the end of a hori- 
zontal arm, a vertical roller. 


The heated bar is placed 


furnace it is drawn by a pair 
o/ tongs through the die, the 


flaring sides of which curve against the mandrel and grip- 
the plate until its edges meet ped firmly against the latter 
and iap as they pass through at one end The vertica! rol- 
the tubular end of the die ler then describes a _ circle 
The plates, now bent up into around the mandrel, bending 
form and known as skelp, are the heated bar into the circu 


heated in a gas-fired welding lar form and to the required 





furnace, and when they have diameter, The piece is then 


reached a welding heat the FORMING PIPE COUPLINGS. WELDING PIPE COUPLINGS. raised 


slipped onto a_i cylindrical 


to a welding heat, 





skelp is pushed through the 
door at the back of the furnace into the welding rolls cave anvil, which is stepped to receive both pipe and mandrel, and welded under a quick-acting steam ham 
which are located just outside the door. The rolls, flange. The pipe is turned around on the anvil under mer shor he accompanying ‘!lustration 
which are concave, are curved to the desired radius, the repeated blows of the hammer, and the welding up SEVERt In view of the iarge amount of weld- 
ind between them, held in position by a long bar, is is quickly completed. Flanges have been welded onto ing that enters into pipe manufacture, the most severe 
a “ball” or mandrel of the same umeter as the inside pipes of upward of 30 inches diameter with satisfactory tests are continually being applied to the material dur 
of the pipe As the skelp pass arough the rolls, its results ing and after manufacture. In addition to the hy 
ppi edges are squeezed together between the rolls Maxine Pitre Covupiinos.—Pipe couplings are manu- draulic tests, the rough ends cut from the pipes are 
and the mandrel, and a perfect weld is made subjected to a longitudinal crushing test 
Each piece of pipe is carefully examined, and and in case of failure at the weld, the tube 
all doubtful welds are rejected. The rough from which the specimen was cut is sent back 
pipe then goes through the sizing rolls, in to be rewelded. Other tubes again are rolled 
which it is brought to exact diameter. Then with an expander and the ends beaded over 
passes to the cross-straightening rolls, the Some are cold-flanged, while others again are 


axes of which are inclined at an angle, as subjected to a transverse pressure until the 


shown in the accompanying illustration. By section of pipe has been completely flattened 


this time it is perfectly true and straight, and out. If the metal stands these cold tests with- 
to prevent it from warping as it cools, it is out fracture, it is consid: ed that the lots 
rolled and conveyed on a cooling table to a from which they are taken are up to the high 
straightening machine, where it receives its standard required 

- oe — 


final straightening in dies controlled by hy 
draulic pressure The ends are then cut off Work will soon be begun at the Maryland 
and after being threaded and the coupling put Steel Company's Sparrow's Point plast for 


on, the pipe is tested in a hydraulic testing rolling 20,000 tons of rail for the Hamadie 


machine, the smaller sizes at from 600 to du Hedjaz Railroad, which runs between Bei 


rut, on the Mediterraneen coast of Turkish 


1,500 pounds, the larger at from 500 to 750 
Asia Minor in the direction of Mecca Arabia 


} 


pounds to the square nel 


inch For oil-well tub 
the shrine of all the world’s millions of 
Mohammedans. The road is being extended 


to Mecca rapidly and it is probable that be 


ing the tests run as high as 2,500 pounds to 
the square inch 


3uTT-WeELDING.—The smaller sizes of pipe 





are butt-welded. The plates, which are not fore long pilgrims from India, Turkestan, Mo 
Ye rocco, and the Soudan will journey to the 
tomb of Mohammed over a steel pathway 
made in Mary- 
land. The con- 
tract calls for the 
delivery of the 


scarfed as in the larger pipe, are heated in 


‘he furnace, and when raised to a welding g7RAIG@HTENING ROLLS, IN WHICH PIPE Is STRAIGHTENED AND SMOOTHED. 


heat are drawn 


through a belt- 
shaped die, the di- 


ameter of which 
rails at Beirut at 


$22.88 a ton. This 
is surprising, in- 


is a littl less 
than that of the 
skelp. The pres- 
sure thus induced asmuch as the do- 
is sufficient to mesiic price for 
steel rails has 


been $28 a ton, 
loaded for trans- 


squeeze the edges 
together, and 
form the plate in- 
to a perfectly 
welded pipe 


portation at the 
manufacturer's 


WELDING FLANG- plant. 


ES.—The smaller 
sizes of pipe are 


French exhibits 
at the World's 
Fair next year 


fitted with screw- 


ed flanges and 
couplings, and at will number five 
one time these thousand, as 
were used on all against three 
sizes of pipe. Of 
late years, how- 


ever, the com- 


thousand at the 
Chicago Fair, and 
will excel in gen- 
pany has succeed eral interest and 
ed in welding the completeness any 
flanges on the 
pipe and produc 
ing results -that 


are as satisfactory 


previous French 
display. They will 
include an elabor 
ate exhibit of the 


as the welding of governments 


the pipe itself. 
The flange for the 


furniture, Gobelin 
and Beauvaise 
tapestries, Sevres 
pottery, laces, 
silks, educational 
methods, farming, 
mining, and in- 
dustrial exhibits, 


larger pipes is 
formed out of a 
bar of steel, bored 
out, and faced on 
the inner face, a 
half-inch fillet be AUTOMATIC HAMMER WELDING FLANGE ON PIPE, 





cee 
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STEEL WIRE AND NAIL MAKING. 


The magnitude and importance of the wire and nail 
industry in the United States may be measured by the 
fact that in the year 1902 the mills turned out a total 
of 1,574,293 tons of wire rods, of which nearly half a 
million tons were made into 
wire nails rime was when 
both wire and nails were 
manufactured entirely from 


wrought tron, and to secure the 


toughness and high tensile 
strength required, great caré 
had to be used in the prepara 
tion of the tron, the cost of 
the product being proportion 
ately high. It was only a ques 
tion of time before steel, be 
cause of its less cost and its 
high strength became _ the 


standard materia! in this as in 
other branches of the iron and 
steel industry 


tically the 


and to-day prac 
whole of the wire 


and nails used are made 
from either 
hearth 


specified 


wire 
Bessemer or open 
latter being 
wire of the 


steel, the 
where 

special grades with higher phys- 

ical 
PHYSICAL 


properties is required 


Prorerties or Steer. Wire.—As showing 
the great increase in strength of steel over 
it may be mentioned that 
will ultimate 
tons to the square inch, and bright hard-drawn wire a 
strength of 35 tons to the square inch 


iron wire, 


whtle good black iron wire 


show an tensile strength of about 25 


Bessemer steel 


wire will stand a strain of 40 tons and open-hearth 
steel wire 60 tons to the inch. Of the “special” grades 


of wire a high-carbon steel will stand 


about 80 tons 


open-hearth 


crucible cast-steel wire about 100 tons, 


and the best cast steel, or as it is sometimes called, 
“plow” steel wire, 120 tons 
to the square inch; while 


certain qualities of cast-steel 
wire, made under spevcifica- 
catling for a 
lar composition 
ing very elaborate 
have 
ing an ultimate 
strength of from 150 to 170 


tions particu- 


and requir 
working, 
show- 


been produced 


breaking 


tons to the square inch 
The process of wire draw 
ing, as will be explained 
later in this article, serves 
to greatly improve the phys 
ical qualities and the 


smaller the size to which 


the wire is drawn down, 
the greater is the u!timate 
breaking strength The 
wonderful qualities of piano 
wire are proverbial, the 
Eng 
given 
manufacturers 


average strength of 
lish piano 
by the 
ranging from 225 
for No 12 


wire as 


pounds 


music wire 
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gage, 0.029 inch 
pounds breaking stiength for No. 22, 
Reduced to the square-inck unit, 
strength per square inch would 
pounds to 340,000 pounds. The 


which is in diameter, to 650 


inch in diameter. 


the ultimate tensile 


range from 360,000 





Continuous Heating Furnace in Which the Billets are Heated for Rolling in Roughing Mill. 


composition of this remarkable wire is as follows: 
Carbon, 0.570; silicon, 0.090; sulphur, 0.011; phos 
phorus, 0.018; manganese, 0.425. An analysis of an 
other wire of unusual strength known as “plow,” show- 


cent of carbon, 0.587 per cent of mangan 
0.009 per cent of suiphur, 
The 


square 


ec O.828 per 
ese, 0.143 per cent of silicon 
0.030 per and no phosphorus 


cent of copper, 


tests of this wire ran from 200,000 pounds per 
inch in diameter to 350,000 pounds 
Of course, with such 


was 


inch for wire 0.191 
for wire 0.093 inch in diameter 


high tensile strength the elongation or stretch 


which is; 0.052. 
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ranging from 0.75 to 1.1 per cent only, 


In describing the manufacture of stee] 


very small, 
BILLeT YARD. 
wire and wire nails as carried on at the Donora Works 
of the American Steel Wire Company, we shall 
commence our description at that point of the process 
where the steel has been manu. 


and 


into billets, ready for 
These great 
works buy nothing in the open 


factured 
the rod mill 
market and carry out the whole 


process of wire manufacture 


from the smelting of the ore to 
the final 


but as we hay 


drawing of the wire; 


o completely 
articles 


described in previous 


in this issue, both blast furnace 
practice and the conversion of 
the cast iron into steel either 
in the Bessemer converter or 


the Siemens-Martin open hearth 


furnace, it would be superfluot 
to go over the ground arin, 
We shall, therefore, comrcnce 
at the billet stockyard, where 


the steel is stored conveniently 
furnaces of the 
bulk of the wire 


to the heating 
rod mill. The 
and wire nails of commerce are 
Bessemer 


manufactured from 


billets. Open-hearth billets are worked up into rods for 
the manufacture of chain, 
and for various finished products in which high tensile 


At the upper end of the rod mill 


for special grades of wire, 
strength is called for 
are four billet continuous-heating furnaces, with a fifth 
When the mill is in full operation, four fur- 
naces are continually at work. The billets, which are 
4 x 4 inches in section and 36 inches in length, are fed 
furnace, side by side, as shown 
in the accompanying engraving. They are 
through the furnace door by a hydraulic charging ma- 

chine, and by the time they 
heated to the 


in reserve. 


transversely into the 


pushed 


have been 


proper temperature for roll- 





























ing, they are pushed one 


after the other out through 


the rear door of the furnace 
and fall upon a conveyor, by 
which they are carried down 
into the rod mill. It should 


be mentioned that two of 


these furnaces are fed by 
producer gas and two by 
natural gas, which drawn 
from a well on the com- 
pany’s premises, the former 


supplied by five 
producers 
Mi“ The 
mill consists of 
eight pairs of rolls, in which 
the billet is reduced from a 


gas being 
Laughlin 
RovucHING 


roughing 


4-inch x 4-inch section to a 
%-inch square section, and 
it is in this mill that the 


steel receives the first install- 
that thorough 
working 


ment of 


mechanical which 





To the cght are seen the three lust pultw uf ruflsof the roughing wil, with two rode passing through them, Extending to the jeft across the building are the ten sets of finishing rolls with several wire rods following a serpentine 
course through them Wire rods are rolled fn this mili at the rate af 776 miles in 8 single shift of 11 bours. 


WIBRE-ROD FINISHING MILI 
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contributes so greatly to its ultimate tensile strength. 
The arrangement of the mill is shown very clearly in 
our enzraving. Each pair of rolis is placed at an in- 
creasing distance from the one that precedes it, in order 
to allow for the increase in length due to the decrease 
of section of the billet. It has been 
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series of curved semi-circular guards or shields 
are fastened upon the iron floor of the mill, 
as shown in our engraving, where the course fol- 
lowed by the rods is indicated by a series of white 
lines. The amount of working to which the steel is 
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a scant quarter of an inch in diameter and measures no 
less than 1,189 feet, or not far from a quarter of a 
mile in length. As the rods leave the last pair of 
rolls, the ends are caught up and attached to the 
drums of a set of six Garrett reels, on which they are 





found, moreover, that by changing 
the shapes of the grooves in the suc- 
cessive pairs of rolls, making them 
alternately square and oval, oval and 
round, ete., there is not only an 
economy of power secured, but a 
more thorough working or manipula- 
tion of the metal is obtained, and its 
qualities are proportionately improv- 
ed. In the eighth set of rolls, or 
“pass,” as it is technically known, 
the grooves are three-quarters of an 
inch square From these, the last 
pair of roughing rolls, the rods di 
verge, some of them being carried 
to the left, to what is known as No. 
1 finishing mill, and others to the 
right, where they are run through 
No. 2 finishing mill The accomp- 
anying illustration at the bottom of 
the page, taken from the upper end 
of the roughing mill, shows the No. 
1 finishing mill, in which the wire 
rods are given ten more passes and 
brought down to the required di- 
mensions. The finishing mill lies at .« 
right angles to the roughing mill; 
and instead of the rods passing 
through pair after pair of rolls in a 
continuous straight line, they pass 
through the successive roils in alter- 
nating directions, describing half 
circles between each pair, as shown 
in the illustration In order to 
guide the rods into the proper rolls, 
workmen stand between each pair, 
and as the rod issues from the rolls 





it is seized with a pair of tongs, bent 





wound up into a convenient coil for 
further handling. As seon as the 
coil is completed, it is dropped from 
the reei onto the floor of a conveyer, 
by which it is carried to the wire 
mill, 

Wire Mitt. CLEANING Depart- 
MENT.—The first operation in the 
wire mill is to thoroughly clean the 
wire, ridding it of scale, oil, dirt, 
etc. This is done by immersing the 
coils in wooden vats containing a 
weak solution of sulphuric acid. The 
coils are strung on a stout piece of 
timber, which is lifted by a hydrau- 
lic crane and dropped into the vat. 
There are six of these vats arranged 
as shown in our illustration. From 
the vats the coils of wire are lifted 
and hung upon a circular rack, 
where they are allowed to slightly 
oxidize on the surface, the object 
of the rust being to render it pos- 
sible to get a good grip upon the 
wire in the process of drawing it 
down. The coils are then placed in 
a bath of lime, which serves to pre- 
vent further oxidation, and also to 
give a slight coating of lime, which 
will act as a lubricant to the wire 
in passing through the dies. Next 
the wire is placed on trucks and 
taken to the bakeries, where it is 
dried out thoroughly. 

Wire Drawixe-—Up to this point 
the product is known by the technic. 
al name of “rods,” and it is only 
after it has been drawn down in the 
dies that it is known commercially 








around through a half-cirecle and fed 
to the next “pass.” Consequently, 
when a rod mill is in full blast, it 
presents one of the most curious and 
attractive sights that can be seen in 
any rolling mill. Owing to the rapid decrease in sec 
tion and increase in length, as the rod passes through 
the successive rolls, it is necessary that the speed of 
the successive rolls be increased; and by the time the 
rod issues from the tenth roll of the finishing mill, it is 
traveling at a speed of 1.350 feet per 


As they are completed the coils are dropped on to conveyer and carried to wire muil, 


Drums on Which Wire as it Comes From Rod Mill is Wound Into Coils. 


subjected in the mills, and the great horse power that 
is required to perform this duty, may be judged from 
the fact that the billet, which at the first pass through 
the mills was 4 inches x 4 inches in section, and only 
3 feet long, as it issues from the last pair of rolls is 


as “wire.” Wire drawing is of quite 
ancient origin, for about the year 
1300 A. D. wire was made by pulling 
it through draw plates. There are 
descriptions extant of wire-drawing 
machinery which were published in the sixteenth cen- 
tury, and after that date it gradually took the place 
of the older method of hammering out the wire by 
hand, which dates back to some eight hundred years be- 
fore the Christian era. Wire drawing has the advan- 
tage of permitting the production of 





minute, or about 15 miles an hour. 
Owing, moreover, to the increasing 
length of the rods as they are rolled 
down, it happens that although only 
about two rods at a time are passing 
through the first of the ten rolls, 
there will be three or four rods at 
the fifth or sixth roll, and as many 
as five or six rods at a time speed- 
ing through the tenth or last roil. 
As the whole of the rolling down 
from the 4-inch x 4-inch hillet to the 
finished rod, which will be say 13-64 
of an inch in diameter, is done at one 
heat, it can be understood that the 
scene, when the whole mill is run- 
ning at full speed, and the white or 
red-hot steel is winding its serpentine 
way through the mill, is extremely 
picturesque, and when seen for the 
first time, decidedly bewildering. In 
order to protect the men who stand 
between the pairs of rolls and di- 








a much smaller wire than could. be 
produced under the rolls, while the 
very process of drawing down the 
wire greatly enhances its physical 
qualities, increasing the tensile 
strength to a truly remarkable de- 
gree. The wiredrawing machine 
consists of a stout bench, on which is 
mounted a strong cast-iron drum, on 
which the wire is wound as it is 
drawn through the plate. The draw 
plates, or die plates, as they are call- 
ed, are stout blocks of cast steel 
which are perforated with conical 
hoies, carefully gaged te th. exact de- 
sired size of the wire. ‘The holies 
have a slight taper, the wire, of 
course, entering at the larger end of 
the hole. The coil of wire is placed 
on a spool located on the floor of the 
shop near the bench, and the end of 
the wire having been swaged down, it 
is passed through the die plate and 








rect the course of the rods, a 


to Remove Strains. 





Annealing Room, Where Wire is Subjected to Steady Temperature for Several Hours 





WIRE DRAWING. 





attached to the drum. which then 


nN 





seston — es reales 


Wire is Drawn Down Through a Hole in Hardened Steel Plate and Reduced fo the 


Finished Size, 





‘ 
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per minute. In this mill 4,000 tons of nails are made 
in a single month, and when the new addition is com- 
pleted, the capacity will be increased to 8,000 tons, 
The boxes of finished nails are covered up and taken 
to big, revolving iron cylinders, known as rumblers, 
where they are rolled over and over, the nails being 
thrown against each other and against the sides of 
the cylinders and receiving that high polish which 
characterizes the finished product. The time during 
which they are treated in the rumblers varies accord- 
ing to the size and quality of the wire. A certain 
amount of sawdust is also used during this process, in 
order to clean the nails thoroughly of grease and 
dirt. The nails are then loaded into 100-pound kegs, 
stenciled with the size and weight of the nails and 
the makers’ name, and taken to the warehouse, shown 
in the engraving, in which are stored about 140,000 
100-pound kegs, weighing in the aggregate some 7,000 
tons 

Barsep Wire.—Another interesting department is the 
. barbed wire shop, in which hundreds of the ingenious 
In this department 150 tone of barbed wire are made fn a day, machines, shown in our engraving, are in busy opera 


A BARBED-WIRE MACHINE tion. Back of this machine, which is engaged in mak- 





proceeds to wind up the wire untii the whole coil 


has been drawn down One of our engravings shows 
a@ near view of the process of wire drawing. As the iW a * 
wire drawing is done cold, it can be well under- il ] Wi ' 
stood that with several score of these machines running 
aia. \¢ a0 


at the same time, it requires very powerful motive pow- 
er to drive the mill After it has been drawn down 





it is necessary to remove the strains in the wire, 
and it is accordingly taken to the annealing rvom, 
where it is loaded into the large annealing pots shown 
in our engraving After the pot is filled, it is care 
fully sealed with sand to exciude the air, and the wire 
is exposed to a steady heat for a period of from eight 
to nine hours. Of the total product, part is now ready 
for the open market without any further treatment, a 
emal! portion of it is sent to the galvanizing room to be 
gaivanized, and a large proportion of it goes to the nail 
mill to be made up into wire nails or barbed wire 

Nat MIL In the nail mill there are no less than 
150 separate machines, while there is now under con- 
struction an additional mill which will contain 150 
more machines. As each of these is capable of turn 
ing out from 150 to 500 finished nails per minute, it 
can be well understood that the nail mill is a very busy Bight thousand tons of nalg are made in this shop per month, 


section of the establishment. A modern nail machine WIRE-NAIL-MAKING DEPARTMENT. 





ing what is known as 2-point Glidden barb wire, are 
placed four coils of wire, carried on reels. The wire 
from two spools serves to form the strands, and the 
wire from the other two spools is used for the “barb.” 
The two’ strand wires, which are heavier than the 
ethers, are led between a pair of friction wheels, and 
drawn to proper tension. They are then met by the two 
other strands, which are led in transversely, one on 
either side. At stated intervals of a few inches, accord- 
ing to the spacing of the barbs, a pair of revolving fin- 
gers eatch the two barb wires and give them a twist 
around one of the strand wires, and at the conclusion of 
the twist two pairs of shears cut the ends of the barb 
diagonally, giving them the desired sharp points. The 
two wires next pass downwardly around an idler, and 
then horizontally into a combined winding and twisting 
frame. The frame itself revolves on a horizontal axis 
parallel with the machine, and serves by its revolution 
to twist the two strands. On a shaft arranged trans 
versely within this frame is carried the barbed-wire 
spool, on which the finished product is wound ready for 
the market. When it is once started, the operation is 
continuous and extremely rapid, 150 tons of finished 
product being turned out in this department daily. 





This machine is making 160 60.D nails per minute; three-peuny nails are mace at the rate of 500 per minute. 


A WIRE-NAIL-MAKING MACHINE. 


of the kind with which these shops are filled is one 
of the best examples of the enormous increase in ca- 
pacity which has resulted from the introduction of 
labor-saving machinery In front of each machine is 
a reel, upon which the coil of wire is placed. One end 
of the wire is led into the machine, and as the power 
is thrown on, one sees the wire disappear through a 
smali hole in the massive vertical casting (see engrav- 
ing); while to the accompaniment of a rapid succes- 
sion of blows that sounds for all the world like a Gat- 
ling gun in action, a stream of the finished wire nails 
begins to pour out of the side of the machine into small 
lron boxes placed to receive them The wire first 
passes between two pairs of horizontal, grooved wheels, 
which are pressed firmly together to give the required 
tension to the wire as it is drawn into the machine 
after each finished nail has been formed and cut off. 
The nail is pointed by the action of a pair of pliers 
with Vehaped cutting edges, and the head is 
formed up by the action of a very powerful cam- 
operated member, which strikes a hammer-like blow. 
As each nail is finished, the wire is gripped, and 
enough of it drawn forward to form another nail! The nails are put up in 100-pound kegs ; this warehouse has a capacity of 7,000 tons. 
The 3-D fine nails are turned out at the rate of 500 

per minute, and the large 60-D nails at the rate of 150 WIRE-NAIL STOREHOUSE, 
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CHAIN MAKING. 

In spite of the general supplanting of hand labor by 
machinery in the various branches of iron and. steel 
manufacture, we meet here and there with an industry 
in which the skilled mechanic is still able to hold his 
own, and turn out a product which not the most in- 
machinery can equal, much less supplant. 
many such cases, it is true, but they 


genious 
There are not 
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less human lives, may depend upon the sound quality 
of the iron and the fidelity with which the smith has 
welded the chain, link oy link, on his anvil. 

We have chosen for our description of chain making 
the American Chain Cable Works, of Troy, New York, 
largely for the reason that in this establishment are 
made large quantities of ships’ cables for the United 
States government, and particularly for the lightships 
of the United States lighthouse service. 
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without any helper. The length of completed chain is 
hung upon a hook or seme convenient support near 
the anvil, and the operation of forging the link pro- 
ceeds as follows: In his’ fire the smith will have two 
or three short rods of the required diameter, and as 
one is heated to, say, a cherry red, he withdraws it, 
cuts off the desired length for one link, gives it a 
couple of blows to form the welding scarf, bends it 
through say about 130 degrees, hooks it into the end 
of the completed chain, and 
brings the ends together for 





exist, and conspicuous among them is the art of 
chain-making. In the present 
article, we speak of machine 
made cable, it is true; but the 


term is to be given only a re- 
stricted application; for although 
the links may be cut by one ma- 
chine, bent into shape in another, 
and welded under a power-driven 
hammer, the operation is never- 
theless dependent for its success 
upon the deft skill with which 
these mechanical tools are man- 
ipulated. 

The permanence of the tradi- 
tional chain-making 
is further suggested by the fact 
that iron, and not steel, is the 
material from which it is fabri- 
cated. The survival of the older 
material and the older method in 


methods of 


this age of steel and labor-saving 
machinery is due to the special 
conditions under which chain is 
used, and the exacting require- 
4 mention 
of a few of the uses to which 


ments of its service 


chain cable is put impresses one 
at once with the severity of the 


service, and the 





unusual qua_ities 





welding. He then raises the 
link to a welding heat in his 
fire, places the abutting ends 
over what is known as the bick- 
iron, gives it a few taps to in- 
sure a good weld, brings over a 
“dolly” (which is hinged at the 
outer end of his anvil and when 
brought over registers above the 
bick-iron), and with half a dozen 
blows on the dolly, accompanied 
with a dexterous movement of 
the link, the weld is completed 
and tke link smoothed up to a 
neat finish. The rapidity with 
which the smiths do this work is 
very remarkable. Thus, in the 
case of a 7-16-inch chain, with 
thirty links to the yard, an ex- 
pert smith will cut off from the 
iron bar, scarf, bend up into 
shape, and weld the links, at the 
rate of 18 yards in a day of nine 
working which is two 
yards per hour, or one link per 
minute. We present an illustra 
tion showing a smith and his two 


hours, 








which are required. Thus we 
find it employed in sling chains 
in the rough work 
for lifting 
in foundries and 
In loading and 
berman it is absolutely indispensable. In such work 
the strains are links of the 
subjected to repeated jar and 
due to the slipping or dropping of the material which 
is being hauled and lifted. We find it also performing 
the most and delicate work of hauling a 
costly yacht or merchant vessel up a marine railway; 
while last, and most important of all, is its use as a 
ship’s cable, where, in times of stress, a vessel costing 
hundreds of thousands of dollars, together with price- 


of quarrying, 


heavy weights in building construction, 


machine shops, or at the docks 


unloading vessels; while to the lum 
severe and sudden, the 


chain being wrench 


important 


Hydraulic Machine for Forming the Links, 


Qvatitry or [Ron ror CHAtn Maxine.—The iron used 
is a specially rolled grade, of high tensile strength and 
great ductility, the object being to secure a chain 
which, on the application of a sudden stress—as, for 
instance, when a ship is riding at anchor in a heavy 
seaway—will stretch and so resist the strain gradually, 
instead of snapping, as would be liable to happen with 
material of higher tensile strength but smal! ductility 
or power of elongation. Chain of from 5-16 inch up to 
2 inches diameter is forged by hand, and above 2 inches 
it is forged with the assistance of machinery. 

HaNp-Mape CHarn.—In the smaller sizes the whole 
operation of chain making is done by a single smith 








(it takes three men to 
the larger chains) 
cable. 


helpers 
hand-forge 
forving a 1%-inch ship 


The iron is cui to about one-foot lengths, and sev- 
eral of these are being heated in the fire at the 
same time. The operation is as follows, the 


various steps succeeding each other with great ra- 
nidity: First, the helper to the right of the anvil 
withdraws the heated piece, drops one end into an 
eye at the end of the anvil, and bearing down upon 
the tongs, bends the piece over to an angle of about 
45 degrees. The smith then takes it in his tongs, and 
with a few taps of the sledge it is bent around as 
shown in our illustration. It is heated again, passed 
through the end of the chain by the smith, laid flat on 
the anvil and the welding scarfs are put on with a few 























Bringing Scarfed Ends of Link Together Ready for Welding. 


MANUFACTURE OF HEAVY MA ‘HINE-MADE CABLE 


Inscrting the Stud in Heavy Stud Chain, 
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blows of the sledge. The link is now raised to a weld 


ing heat, welded by a few blows by the helpers, laid 


over the bick-iron (which will be noticed in our engrav- 


ing projecting from the anvil toward the smith), the 


hinged dolly is brought over, and a few rapid blows 
on the dolly, while the smith turns the link to and fro, 
serve to bring the weld up to a smooth finish. The 
link is now laid on edge; a single blow from the 


sledge brings it into shape, and with a final tap or two 
is finished At this 
added to a 


of the smith’s hammer the link 
forge as many as thirty-five links will be 
heavy chain of this size in one hour, or say about one 
every two minutes 
MacHINe-Mapre CHAIN In the heavier sizes of chain 
it becomes necessary to call 
into 
into 


of over 2 inches diameter 
in the aid of machinery in iron 
lengths for the links and in links 
The scarfs are produced by shearing the iron 


shearing the 
bending the 
shape 
‘at an angle of 60 degrees with the axis of the bar, all 
with the inclination in the same dl- 
formed up the 
scarfs will The 
iron is then heated and placed in a hydraulic bending 
machine, where it is formed against a block into a 
rough U-shape at the first stroke, and then rolled into 
the oval link form on another block adjoining the 
first These operations are shown in the accompany- 
ing engraving. The scarfed ends are left wide enough 
apart to allow of the link being hooked onto the end 
The searfed ends 


euts being taken 
that 
lap in the desired 


rection, so when the !inks are 


relative position 


of the chain which is being forged. 


down snugly into contact under an 


are now brought 
automatic quick-acting hammer, and the link is heated 
Most of 


each 


and then welded up under the same hammer. 
has a cast-iron stud inserted in 


stud are 


the ship cable 
link The ends of the 
the round of the chain, and 
hammered down snugly into place, it is 
for the stud to be displaced. Indeed, the pull upon the 
Sy tending to straighten it out link 


hollow, to match 
when the link has been 


impossible 


cavle causes the 
to tig...en upon the stud and hold it the more securely 
im pla Cables are made in standard lengths of 15 
fathom or 90 feet, and eny greater length is obtained 
by shackling several of the 15-fathom lengths together, 
length of a ship’s cable being about 90 
49 feet. The life of such a cable is about 


Th's, however, depends upon the judgment 


the average 
fathoms, or 
ten years 

of the Insurance company 

TESTING Iu the case of all cables built for govern- 
ment lightships, one shackle and one swivel are tested 
to destructica, as are also two sample pieces of the 
chain, each five links in length. The peculiarly ductile 
Gualities of the Burden iron from which most of the 
ebain at this works is manufactured, is shown in the 
accompanying illustration, where the right-hand por 
tion. of the chain, including ten links, stretched with- 
out frac.ure until the ten links were equal in length to 
twelve links of the untested chain. 

Biackine.— When the 15-fathom length is completed, 
it is placed in an iron box and heated by steam, and 
then drawn through a vat of boiling tar, known as the 
“tar kettle.” Here it re- 
ceives a thorough coating, 
after which it is drawn 
out upen an iron grating, 
where the surplus tar is al- 
lowed to drain off, leaving 


a heavy protective coat 
upon the cable. 
In conclusion it should 


be noted that altrough 
each link of a chain con- 
sists of two thicknesses of 
bar, it must not be 
sumed that a chain 
sesses double the strength 
of a single bar; actually 
there is a reduction of 
three-tenths in the strength 
due.to the formation into 
links, co that the chain has 
but about seven-tenths of 
the united strength of two 
bars of the same diameter 
of iron. Moreover, as the 
strength per square inch 
of a heavy bar is not so 
great as that of a smaller 
diameter iron, there is fur- 
ther reduction to be made 
on this account. Thus, if 
a bar of ordinary rolled 
iron shows a breaking 
strength of twenty tons 
per square inch, the break- 
ing strength will decrease 
to 19.tons up to 2 inches, 
and 18 tons per inch up to 
3 inches diameter of rod. 


pre- 


pos- 
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and the breaking strength of 2-inch chain about 190,000 


pounds 
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Slag Portland Cement, 

The American consul-general at Coburg, Germany, 
reports: Portland cement has been made from blast 
furnace slag for several years in various cement works 
in Germany, Luxemburg, and Belgium, and has yield- 
ed very satisfactory results, especially in regard to 
quality. Negotiations are being carried on with some 
blast-furnace works with a view to the introduction of 
the slag-cement industry into Engiand, Austria, and 
France. In some respects a blast works has a con- 
siderable advantage over other Portland cement fac- 
tories because the motive power from «he cement works 
can be supplied by a blast-furnace gas motor with elec- 














The ten links to the right stretched to the extent of two links in ten with- 
out fracture. Of the two detached links, the fractured one, a piece 
of commercial iron, failed in a bend of 90 degrees ; the other, of 
special Burden iron, was bent as shown, withvut fracture, 


THE ACTION OF CHAIN IRON UNDER TEST. 
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tric transmission, the rubber or waste coke from the 
blast furnaces can be utilized in the cement kiln, and 
raw the granulated 
slag and the limestone—are close at hand. Besides, 
there are other minor advantages. Portland slag ce- 
ment has also some advantages ever natural Portland 
cement; for while the yield from the raw materials 
when the former is used is about eighty per cent, the 
yield when the ordinary raw materials are used is sel- 
dom more than sixty per cent. As the cost of production 
per ton of raw materials is nearly equal in both cases, 
nty per cent in fuel, labor, etc., is. 
Besides, this Port- 


the principal materiais—namely, 


a saving of about tw 
effected in the case of slag cement. 
land slag cement is more trustworthy and more regular, 
and its manufacture can be more easily controlled than 
that of the so-called natural Portland cement, because 
the raw material—namely, the blast-furnace slag—is, 
as a rule, a regular product whose chemical composi- 
tion is easily controlled; consequently, any alterations 
which are liable to take place are known beforehand, 
and precautions can accordingly be taken in time. This 
is not the case when the natural raw materials are 
used. Some recent tests with Portland cement from 
blast-furnace slag, made in the municipal laboratory at 
Vienna, showed that mortar composed of three parts of 
sand with one part of this cement gave the following 
results: 1. After days’ hardening—Tensile 
strength, 382 pounds per square inch; strength of com- 
pression, 3,880 pounds per square inch. 2. After twen- 
ty-eight days’ hardening—Tensile strength, 551 pounds 
per square inch; strength of compression, 5,411 pounds 
per square inch. 


seven 
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Both masonry and concrete are occasionally em- 
American mines, but are more common in 
Europe. It has been found that concrete is often ad- 
visable at the collar of shafts, either inclined or ver- 
tical. Steel is also used in mine support to a limited 
extent. In shafts it might be employed to advantage, 
and would preve a’perfect protection against fire. Un- 
der heavy pressure steel would probably prove a dan- 
gerous substitute for timber, as it would give little 
warning of collapse; and if it gave way under the 
strain, accident would come without warning, whereas 
in workings supported by timbers there is always suffi- 
cient indication of approaching disaster-——sufficient in 
most cases for men to escape, if not to prevent collapse. 
Filling is the on!y safe course to pursue, as no timber 
perpetually.—Mining and 


ployed in 


will support heavy ground 
Scientific Press. 


Dikes are 
below. 


The term “limestone dike” is a misnomer. 
intrusive—injected in molten condition from 
Sedimentary beds, such as limestone, quartzite, sand- 
stone, shale, etc., are not dikes. These latter are some 
times called reefs. Eruptive rocks are also intruded 
in flat sheets in horizontal formations. These are 
ealled sills. Should the formation be uplifted subse- 
quently these sills might be mistaken for dikes, or 
dikes thrust upward into 
rock strata standing at a 
high angle might be mis- 
taken for sills if earth 
movements caused the in- 
closingformation to assume 
a recumbent position. In 
studying the stratigraphy 
of rock masses, care must 
be taken not to mistake 
slaty cleavage for lines of 
sedimentation. The former 
is induced by pressure and 
movement, the latter by 
deposition of the rock ma 
terial in water. Cleavage 
planes and lines of sedi- 
mentation may coincide.— 
Mining and _ Scientific 
Press. 
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What is believed to be 
the first iron casting made 
in the territory now in- 
cluded in the United States, 
is preserved ir Lynn, Mass. 
Its history is well authen- 
ticated. It is a cooking-pot, 
weighing a little over two 
pounds. It was made about 
1642, near Lynn, where @ 
small blast furnace was 
built in that year. This 
furnace used charcoal for 
fuel, with bog ore found in 
the meadows along the 
Saugus River, and oyster- 


Consequently, the break- shells as flux. The fur- 
ing strength of chain nace was operated until 
made of l-inch iron wil! This smith anc bis two helpers are forging 144-incb ship's cable at the rate of 35 links in one bour. 1688, with some intermis- 
be about 50,000 pounds, THE MANUFACTURE OF CABLE BY EAND. sions. 
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“YOUNG AMERICA”—A NAUTICAL PREPARATORY 
SCHOOL, 
view of the handsome three- 


ship “Young America” represents a 


The 
masted auxiliary 


accompanying 


promising attempt to solve the serious problem of giv- 


ing the youths of this country a comprehensive edu- 


cation under circumstances which will insure strict 
! pline, the best of hygienic surroundings, and an 
opportunity to btain that personal knowledge of 
places and people which more than anything else 
serve to round off and complete an education. The 
uutical Preparatery School, as it is called, was in- 
wrated not long ago under the laws of the State 
of Rhode Island, and in accordance with the purpose 
of the chool the full-rigged auxiliary ship “Young 
\merica no nearing completion at Perth Amboy, 
n J.. under the plans of its designer, William E. Wi 
nant, of tl city, to whom we are indebted for the 
drawing from which our illustration is made 
Young America trictly speaking, a floating 
hool, in which, in addition to the regular curriculum 
ich is taught at any first-class preparatory school, 
the pupil will have an opportunity to become in 
structed in those arts and sciences which go to the 
making of an efficient naval officer Of course, the 
prime ol t of the school is to prepare boys either for 
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25 instructors and a working ship’s company capable of 
taking care of the craft in all conditions of weather. 
As a matter of fact, she will be twice as large as the 
United States Naval Academy training ship “Chesa- 
peake,”” and will be greatly superior to her in her 
many facilities. The ship is 282 feet in length over 
ail, 230 feet on the water line, and she has a beam of 
44 feet and a draft of 18 feet 6 inches. On this 
draft her displacement is 2,600 tons. Her total spread 
of canvas is 21,000 square feet, and she is capable of 
making under steam a speed of 8 knots an hour, Or- 
dinarily the vessel will be under sail, and the engine 
will only be used in calms, or when it may be neces- 

Electric light will be used 
attention has paid to 
artificial ventilation, which must be used when stress 


sary to hasten the voyage. 
throughout, and especial been 
necessary to close the air ports 

Although the greater number 
of the cadets will sleep in hammocks, there are state- 
room accommodations for thirty of the cadets, these 
being assigned to the cadet officers of the battalion as 
scholastic work. ‘I'he 


of weather makes it 


in the living spaces. 


a reward for proficiency in 


berth deck will contain the quarters for the academic 
staff and the berthing and stateroom accommodations 
for half of the cadets, besides the living space for the 
Forward on the main deck will be the galleys, 


crew. 
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Bedford whaleboats, two 36-foot steel cutters, and two 
large 36-foot sailing cutters, in which the cadets will 
be made familiar with boat handling. 

The deck officers will be appointéd monthly accord- 
ing to merit. The cadet captain, éxecutive, and navi- 
gator will be chosen from the senior class, the cadet 
lieutenants from the two upper classes, and the mid 
shipmen from the third In addition, to boct 
handling, all the cadets will be taught to hand, reef, 
They will have no manual work to do ex- 


class. 


and steer. 
cept sail and spar drills, and this in the way of gym- 
nastic exercise. 

A promising feature of the scheme is that as many ol 
the ship’s officers as possible will be either regular 
men who have been graduated 
from the United States Naval 


pline of the ship will be in accordance with service 


officers of the navy or 
Academy, end the disci- 


regulations. 

auiiieieandinciaiatt mitered Qpscentinnsies 

Trial Trip in New Vork’s Subwey. 
running during the week of November 
New York, The road was 
not open to the public, but was simply Two 
Street 
experiment. 


Cars were 
22 in the new subway of 
tested, 
of the storage battery cars used on the 34th 
cross-town line borrowed for the 
One car was sent into the tunnel at Canal Street, 


were 
and 
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THE FLOATING SCHOOLSHIP “ YOUNG AMERICA.” 


A private school in which during a four years course the students will cruise for 100,000 miles and visit every leading port and country in the world 


universities, or for the various professions, or for 


business At the same time the routine 


similar to that on the regular 


commercial 
life on the ship will be 
training ships of the navy, and the boys will acquire 
all the benefits of the strict discipline which has made 
They 
opportunity for 


the military schools so popular in this country. 


will also be afforded a magnificent 


coming in touch with the great outside world. Each 
of the four years “Young America” will start on an 
extended cruise, during which she will touch at var- 


ious ports, where the boys will be given an opportunity 
their instructors, and 
historic 
of interest and recéive suitable instruction, historical, 
relating to the particu- 
Thus the 


months will cover no 


to go ashore under the care of 
visit the points 


buildings, institutions, and 


ethnological, commercial, ete 


lar cities and districts that may be visited. 


cruise of the first year of eight 


less than 16,000 miles; in the second year of eight 


and a half months 
in the third 
covered, and in the fourth and last year 


the cruise will cover 24,000 miles; 


year of ten months 26,000 miles will be 
27,000 miles; 
so that ip the four years of the course, the boys will 
travel nearly 100,000 miles, and will have visited all 
the principal ports of the world 

“Young America” is built of steel, and will accom- 


modate with comfort 250 cadets, besides a faculty of 


bakery, laundry, and the refrigerating plants. Extra 
berthing space has been allowed for each cadet’s ham- 
mock, and he has his own private locker. 

The greatest attaches to the school 
on the after third of which are the captain's, the execu- 


tive officers’, the doctors’ and the head of the academic 


interest deck, 


departments’ cabins, together with a commodious sick 
bay and dispensary. The midship portion of the school 
deck is given over to the berthing in hammocks of the 
remaining half of the cadets and for the united mess 
of the battalion. For this purpose there will 
be twenty-three portable tables, at which the boys will 
sit in squads of ten and twelve; and during the hours 
of study in the early evening, canvas covers will be 
these tables, and under electric lights the 
recitations will be prepared for the following day. A 


whole 


put over 


large space forward of the messroom will be used for 
all recitation Then follows a large room, 
which is to be used as a museum, in which specimens 
gathered from the sea and from various parts of the 
world visited wil! be collected and arranged. Forward 
of this are lavatories and baths, while in the cabin 
aft on the berth deck is a large library. On the main 
deck abaft the smokestack is a mysic and recreation 
room. “Young America” carries for safety and for 
the purpose of drill and exercise eight 28-foot New 


purposes. 


line as far back as Thirty- 
Fiftieth 
upper 


run back and forth over the 
fourth Street. 
Street up to the end of the 


Another car was run from 


finished line in 
Broadway. 
= Seeediiinelie didi cam - 
Rescue of Nordenskjold,. 
arrived November 
Norden- 
was 


The Argentine warship “Uruguat 


23 at Rio Gallejio with the members of the 


skjold Antarctic expedition on board. The party 
rescued on Seymour Island and Louis Philippe [sland. 
The French expedition which set out to relieve Nor- 
denskjold will proceed on its journey and engage in 
scientific work. 

Dr. Nordenskjold, before he 


set out on his ill-star1 


expedition in the “Antarctic,” had achieved fame ts» 


an explorer of Tierra del Fuego and as an Alaskan 
traveler. The “Antarctic” left 
1901 Nordenskjold Falmouth, England 
and at Buenos Ayres The “Antarctic 
sank in Erebus and Terror Gulf, which it entered in 
January, 1902. On January 15 he landed on Paulet 
Island, where he was compelled to make his camp 
while waiting the coming of a rescuing expedition. 
The last stretch of the journey to the south was begun 
December 21, and terminated in the destruction of the 


ship in February, 


Gottenburg October 
touched at 


December 16. 





RE 


4 
U 








442 


POMPEIIAN GLADIATORIAL ARMS 


4 number of the handsomé decorated gladiators 


arm which have been found at Pompeii and the 
neighboring ocaliti are here iilustrated ilso the 
locality n which many of them were discovered at 
Pompeli Viost of them are of bronze, and one 15 in 
laid with e! One of the gladiator’s helmets shown 
the most elaborat« of the erie It is orna 
ented epoussé figures in high relief, represent 
ing episoce or the lege of ‘Tro Owing to its rich 


decoration it is natural to 
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building was occupied by the gladiators exclusively. In- 
scriptions which are scratched on the wall also refer to 
such combats, and in one place is to be seen a drawing 
of a gladiator in fighting position with the inscription 
XX Valerius. Back of the columns the central space 
was surrounded by a series of cell-like rooms one over 
the other. A gallery around the building gave access to 
the upper set. These chambers may have accommodated 
the gladiators, but to have so many of them (there 
were at least «6 rooms) the number of gladiators at 
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Pompeii must have been very large. The lower rooms 
are in a rather good state of preservation, but the upper 
ones have fallen down in one corner will be observed 
part of the series which has been restored and which 
gives a good idea of what the building was like. 
-_+- et >a - 
Turpentine Industry, 

The discovery of a new way of extracting turpentine, 
made two years ago by Dr. Charles H. Herty, working 
under the direction of the Bureau of Forestry, is result 

ing in a complete change of 





ippose that it was intend 


methods by turpentine op- 





ed as a prize in the gladi | 
atorial combat rather 
than to stand actual se! 
ice rt gratings which 
protected the eyes can be 
raise up, a they ar 
hinged at the top At the 
bottom they are held down 
by a catch In some form 
of helmet these pieces areé 
round and of much small 
er size 

[wo highly-ornamented 
greaves are aiso illustrated 
These, however, do not be 
long to a set That on 
the right is the greave for 
the left leg In the center 
is a high relief represent 
ing Minerva in a standing 
position with spear and 
hield On either side is 
1 Cupid, separated from 


the center by an ornament 





al band. The specimen on 
the left, which is not so 
weil preserved, has the fi 

ure of a gladiator as the 
principal : ornament in 
the center | the upper 


part of a helmet, of which 








erators all over the South. 

In a bulletin published 
last spring by the Bureau 
of Forestry the claim was 
made that the experiments 
with the new cup and gut 
ter system of turpentining 
had resuited in an in 
crease over the old box 
ing system of 23 per cent 
in the amount of the prod- 
uct extracted This figure 
has now been raised to 
more than 36 per cent In 
other words, Dr. Herty’s 
system, when universally 
adopted in the South, as 
it is bound to be sooner 
or later, will have raised 
the turpentine production 
of this country by more 
than a third, provided the 
same number of trees are 
used Two years ago 
when Dr. Herty first made 
known his d veries ne 
put 20.000 cul into oper- 
ation. Last year this fig- 
ure was increased to about 
£00,000 Th veir a con 


servative esti 


e places 











the lower mart ha disap 





the number of cups to be 





THE GLADIATORS’ BAKRACKS AT POMPEII. 





used at 3,000,000. The fig 
ures give some indication 


of the rapidity with which 





peared Its relief pattern 
shows a more rimitive 
workmanship tha the 
others. The other hand 
some specimens illustrated 


are highly ornamented in 
relief design The round 


shield in the center carrte 


a Medusa’s head encircled 
by two wreath of olive 
The ornament rf thi 
shield are inlaid with sil 
ver Aithough the unus 


ual weight and rich orna 
mentation of these arms 
lead one to suppose that 
they were not made to be 
actually worn, Sir William 
Hamilton, who was pres 
ent during the excavation, 
tated that he observed the 
linings of the helmets and 
greaves, which have now 
disappeared, and | hinks 
they were actually intend 


ed for weat 


Some of these irms 
were found in a build 
or large inclosur whose 
exact purpo has been the 
object of cor rable di 
cussion it imonly 


known as the Gladiator 


Barracks, for the reason 
that many ich arms were 
found ther and also the 


arrancement < the build 


ing seems to show that it 
wa used fo er ) 
gladiator quarter rhe 
engravings clea hows 
the large rectangular I 
closure whict measure 
183 feet lor by 148 
feat wide It is sul 
rounded on a four silat 


by a colonnade whose co! 
umns are painted 1 at 
the lower part, and alte 
nately red and ow at 
the upper. The wall back 
of the columns i covered 
Different 
gladiators’ arms like those 


with stucco 





already . discovered were 
found here, but no sol 


turpentine operators aye 








} 


adopting the new system. 
The change of methods 
has been so rapid that the 
pottery company which 
undertook to supply oper- 
ators with earthen cups 
has been unable to keep 
up with its orders and ha 
been obliged to refuse 
] contracts for over two mil- 
lion cups It is safe to 
say that the majority of 
the large turpentine oper- 
ators in this country have 
given up the boxing sys 
tem and will extract their 
turpentine by means o: 
cups and gutters. 

The economic saving of 
this new discovery is 
enormous It not only 
causes a great increase lh 
the amount of turpentine 
produced, but it is a most 
important factor in saving 
the pine forests of the 
South. Every one knows 
that trees from which tur 
pentine has been extracted 
by the old method— 

boxed” timber it is call- 
ed—soon die from the 
wounds inflicted on them. 
The cup and gutter sys- 
tem, on the other hand, is 
not fatal to the life of the 
tree, and does very little 
damage to the timber 

The Bureau of Forestry 
has arranged to give the 
personal assistance of Dr. 
Herty to turpentine opera- 
tors who desire to install 
the new system. 

— oe 

The recent annual report 
presented to the sharehold 
ers of the De Beers Con- 
soliaated Mines shows that 





last year $26,205,869 worth 


of diamonds were mined 





at Kimberley, South Afri- 











diers’ arms, which leads to 
the supposition that the 


GLADIATORIAL ACCOUTERMENTS, 





ca, on which the profit was 


$11,511,490. 
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ID you ever sit and look longingly at 
1) your piano, wishing that one of your 
friends would come in and play for you, 

or better, that you could play it yourself? 

If we should send in to you at one of those 
moments an ANGELUS, move it up to your piano, 
give you your choice of all your favorite music, 
and tell you to play to your heart’s content, do 
you suppose we could ever take that ANGELUS 
Many and many a 






































away from you? Never ! 
delighted owner has written that no amount of 
money could buy his ANGELUs if it could rot be 
replaced 

This is not an exaggerated way of speak- 
ing, either. It is simply a tribute to the 
marvelous sympathy and musical expres- 
sion of the instrument, 





Perhaps you know in a general way that the 
ANGELUS felt-covered fingers strike the keys of 
a piano more correctly than your own could 
that by pressing little levers you can control the 
loud or soft pedals, play rapidly cr slowly, bring 
out the melody and subdue the accompaniment 
—but do you know what you can do with the 
new ANGELUS phrasing lever? This latest isthe 
most important invention ever perfected for a 





piano-playing instrument, and is only to be 
found on the ANGELUS, It is the crowning 
feature of this wonderful instrument, which 
places in your power the ability to reproduce 
every touch, grace and art known to piano-play- 
ing techuique. 

Cut out and mail te-day attached coupon, 
simply filling in your name and address, 
and we will send you our new illustrated 
booklet describing this last wonderful in- 
vention. 
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White Co. 
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Investigate 


VMIODERN 


movable bridge designs and construction 
versus 


ANTIQU 


structures for 
waterways 


and obsolete crossing navigable 
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North Helsted Street Bridge, Chicago. closed. 


SCHERZER ROLLINC LIFT BRIDCES 


are superseding swing bridges and other out-of-date types of movable bridge 
structures all over the world. ‘They are built for the heaviest and lightest 
loadings, to span any desired width of channel, and to meet the most com 


plex local conditions for 


Railroad, Street Railroad and Highway Traffic. 


Write us for information, photographs, sketches and estimates of cost. 


The Scherzer Rolling Lift Bridge Co. 


Main Offices, MMONADNOCK BLOCK, CHICAGO, U. S. A. 











' 
i 
H 


vee errr Kr 





444 


THE LAYSAN ALBATROSS AND ITS DANCE.* 
BY WALTER K. FISHER. 

With many ornithologists the word Layrean is so in- 
timately connected with pictures of albatrosses that 
the two have become inseparably associated. Surely 
no bird can tand out more vividly in our memory 
than these plendid creatures, not alone on account of 
their great numbers and remarkable appearance, but 
mere perhaps from the unusual charm and interest 
vhich attaches to their personalities. Their large size 
and striking plumage at once raise them to an exalted 
place amo all sea bird a position similar to that 
which tradition and fancy have accorded the eagle 
among birds of the land 

The Laysan albatross or gony is distributed all over 
the island, with the ingle exception of the beaches, 


which on all sides except the west are colonized by the 


black-footed albatro The flat plain surrounding the 
lagoon their favorite habitat, and I found the 
young here in far the greatest numbers. There seems 


scarcely a tussock of the grass which covers the greater 
portion of the slopes of the island but has an ungainly 
young bird in its shadow ready to snap at the intruder 
with a show of ferocity These amusing creatures sit 
on their heels with the whole length of the tarsus on 
the ground or tilted slightly in the air, as shown in the 
illustration. Their spare time is spent in gazing stu 
pidly around, but if their reverie is at all disturbed 
by one passing too near they fly into an apparent rage, 
lean forward and snap their beaks viciously, or sway 
their uncouth bodies from side to side in a frantic 
attempt to maintain a balance 

Usually, after the first paroxysm of snapping is over, 
one can stroke them with little danger of scratched 
hands They maintain a small fire of objection, with 
impotent ni} or try to sidle off. The old birds, how- 
ever, are quite different, and do not seem to mind the 
presence of man. One can walk among them without 
disturbing their various occupations and amusements 

the least Only when suddenly startled do they 
exhibit any tendency to snap their bills, and then they 
are easily calmed They back away from any proffered 


nless suddenly hinder- 


familiarity with great rapidity, ' 
ev by a tuft of grass, which event surprises them im- 
moderately They will not allow themselves to be 
handled, and make eff at a great rate if one offers them 
this indignity They have a half-doubting inquisitive 
ness which leads them sometimes to walk up to the vis- 
itor and examine anything conspicuous about his per- 


on. One bird became greatly interested in the bright 


aluminium cap to my tripod, and strolled up and ex- 
carefully with both eye and beak, appearing 


amined 1 
somewhat astonished when the cap tinkled 


When standing beside their young they present a 


very attractive ight, as their plumage is always im- 
maculately clean The region about the eye is dark- 
grayish, overhung by a pure white eyebrow, which 


gives thera a decidedly pensive appearance. They have 
an innate objection to idlenes and consequently sel- 
dom stand around doing nothing, but spend much time 
in a curious performance, the meaning of which | am 
at a .oss to explain, It has been called courting, but as 
the anti ire carried on during the birds’ residence of 
about ten months on the island, they are probably an 
imusement, in which the albatrosses indulge immoder- 
of other diversion. This game, or what- 
ever one may wish to call it, may have originated in 


the courting period, but it certainly 


past time luring 
has lons nee lost any such significance 


The proceeding in brief is as follows Two albat- 


resses approach each other bowing profoundly an“ 
stepping rather heavily. They circle around each other 
nodding solemnly all the time. Next they fence a little, 
crossing bills and whetting them together, pecking 
meanwhile, and dropping stiff little bows. Suddenly 
one lifts its closed wing and nibbles at the feathers 
underneath, or, rarely, if in a hurry, merely turns its 
head and tucks its bill under its wing. The other bird 
during thi ‘hort performance assumes a statuesque 
pose and either looks mechanically from side to side 
or snaps its bill loudly a few times. Then the first 
bird bowr once and, pointing its head and beak straight 
upward, rises on its toes, puffs out its breast, and ut 
ters a prolonged nasal groan, the other bird snapping 
its bill loudly and rapidly at the same time 
Sometimes both birds raise their heads in air and 
either one or both utter the indescribable and ridicu 
lous bovine groan When they have finished, they be- 
gin bowing at each other again, almost always rapidly 
and alternately, and presently repeat the performance, 
the birds reversing their réle in the game, or not 


There is no hard and fast order to these antics, which 
the seamen of the “Albatross” rather aptly called a 
cake wal! but many variations occur. The majority 


of cases, however, follow the sequence I have indicated. 
Sometimes three engage in the play, one dividing its 
attention between two. They are always most polite, 
never losing their temper or offering any violence. The 


* Abgtracted from * Birds of Laysan and the Leewar' Islands, Hawaiian 
Group,” {pn the 0. 8. Fish Commission Bulletin for 1908 
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whole affair partakes of the nature of a snappy drill, 
and is more or less mechanical. 
Occasionally one will lightly pick up a twig or grass 











Finale of Dance—The Duet. 





A More Common Ending of the Dance—One Bird 
“Singing,” the Other Snapping Its Beak. 


THE ALBATROSS “ DANCE.” 


straw and present it to the other. This one does not 
accept the gift, however, but thereupon returns the com 
pliment. when straws are promptly dropped and all 
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hands begin bowing and walking about as if their very 
lives depended upon it. If one stands where albat- 
rosses are reasonably abundant, he can see as many as 
twenty couples hard at work bowing and groaning on 
all sides, and paying not the slightest attention to 
his presence. When walking through the grassy por. 
tions of the island, I have seen white heads bobbing 
up and down above the green, as solitary pairs were 
amusing themselves away from the larger congrega- 
tions of their kind. If | walked up to them, they would 
stop and gaze in a deprecating way, and walk off, 
bowing still, with one eye in my direction Having 
reached what they considered a respectful distance, 
they would fall to and resume their play 

Should one enter a group of albatrosses which have 
been recently engaged in this diversion and begin to 
bow very low, the birds will sometimes walk around 
in a puzzled sort of way, bowing in return, a curious 
fact, which F. H. von Kittlitz recorded as early ag 
1834: 

“When Herr Isenbeck met one, he used to bow to it, 
and the albatrosses were poiite enough to answer, bow- 
ing and cackling. This could easily be regarded as a 
fairy tale; but considering that these birds, which did 
not even fly away when approached, had no reason to 
change their customs, it seems quite natural.’’* 

One moonlight night we strolled over the island 
after nocturnal petrels and visited a portion of a popu- 
lous albatross colony. The old birds were still hard at 
work executing that queer “song dance,” and in the 
uncertain light the effect was one long to be remember 
ed. Their white plumage made them conspicuous for 
a long distance over the stretches near the lagoon. 
From all sides the sound of their groans and bill-snap- 
pings was audible above the continual thin, high squeak 
of young albatrosses and the moans and caterwauling 
of shearwaters and petrels. During some quieter spell 
in the activities of the vocalists far-away groans were 
borne to us across the placid lagoon, as a reminder that 
in other parts the good work was still going on ay 
this time many of the albatrosses had started off fish 
ing, as they seem to do a large part of it after dark, 
probably toward morning 

It is interesting to note that the antics which have 
just been described are not limited to this species, but, 
in a modified form, are practised by Diomedea nigripes, 
and are mentioned also by Rothschild and Hartert? in 
onnection with Diomedea irrorata Salvin Probably 
all species of the genus exhibit the trait in some form. 

A complete article on the work done by the United 
States Fish Commission in the Laysan Islands will ap- 
pear in the next number. 

- +-e-e 
The Current Supplement, 

A full-page portrait of the late Prof. Theodor Momm- 

1e most prominent German historian of 


sen, perhaps t 
the last century, will be found on the front page of 
An adequate bio 
“Ancient 


the current SuprpLemMent, No. 1458 
graphical notice accompanies the portrait 
Chaldean Irrigation” is the title of an article that will 
doubtless be of interest to agricultural engineers. An 
instructive article on Experiments with a New Type 
of Compound Locomotive in Italy gives the results 
which have been obtained on the Meridionali Railway. 
The Wilde lecture before the Manchester Philosophical 
Society had for its subject the atomic theory. The 
paper will be published in full, the first installment 
appearing in this issue. Mr. E. W. Nelson tells much 
that is instructive about the Agaves, a remarkable 
group of useful plants Prof. F. Webster writes on 
the “Insect Pests of Plants and Their Effect on Ameri- 
can Agriculture.” Mr. Dugald Clerk, England’s fore- 
most authority on gas engines, writes instructively on 
“Governing Gas and Gasoline Engines.” 
a 2-2-2 _ - 

Electrification of the Park Avenue Tunnel, 

The General Electric Company of Schenectady, N. Y., 
has secured the contract from the New York Central 
Railroad for the equipment of the lines which run 
through the Park Avenue tunnel in New York city, 
with electricity. The work will cost about $12,000,000. 
For ever a year the company has been experimenting 
with various types of locomotives for the purpose of 
determining which is the most suited to the needs of 
the tunnel. The contract includes thirty locomotives, 
ten steam turbines of 5,000 kilowatts, together with 
the equipment of a big power plant 

—__—__-—> +9@+~»______- 

On November 21 the high-speed electrical experi- 
ments on the Berlin-Zossen Railroad were terminated 
for the season Altogether, a million dollars have 
been spent simply for the purpose of ascertaining just 
what a high-speed electrical train can do. A syndi- 
cate composed of two great German electrical com- 
panies will shortly publish the results which have 
been obtained—results which will be of the utmost 
value to electrical engineers the world over 








* Extract from Avifanna of Laysan, p. I[I (F. H. von Kittlitz in Museum 
Senckenbergianum, I, pp. 117 et seq.) 
+ Novitates Zoologicm. vi, p. 125 


DECEMBER 12, 1903. Scientific American 445 























Ge REMINGTON 
On Creat) || 1 YPEWRITER 























There Is Nothing itself a thing of iron 


that would please a loved 


z one more at Christmas and steel, appeals by i its 


than a beautiful Diamond 


my ey ene qualities to the he 
t 


ine oantie ae ers In these metals. 
J How? yecvsrully hlastrat is strongly made in 


wey ed Catalogue, and from it select ] if 
any article that you would like to every part. tis swl t, 


use as a Christmas remembrance, 


or perhaps wear and own yourself. easy to operate aan 


Your selection will at once be sent 


‘ on approval to your home, place of bus- li ~ ‘ 3 
\ iness or express office as you prefer. economica in serv ee 
Ww There are no charges for you to pay, no risk, | d h bes k f 
Udi: and no obligation to buy. If the article pleases ice. t oes t € t wor 0) any writing 
——_ you and you do decide to buy it, you simply pay one- k 


fifth of the price and keep it, sending the balance to us machine and it 
/ 






in eight equal monthly payments. If you decide not to buy, 


return the article at our expense. We pay all express charges 
whether you buy or not, 
in the Diamond business. 
We Are the Largest House We are also one of the old- 
est—Est. 1858. We refer to any bank in America—ask your local 
bank how we stand. They will refer to their Commercial Agency 
books and tell you that we stand very high, and that our represen- ] | | h h eel j d 
tations may be accepted without question. t Is on y natura t at t € st in ustries, 
like all others, should use Remington Type- 
writers; more Remingtons than all other makes 
combined. 
of Diamonds, we have a proposition to make H 
To the Cash Buyer which is thoroughly characteristic of our house. Send for our handsome illustrated booklet, 
t is nothing less than a written agreement to return all that they pay for a Dia- ee ‘ 99 
mond—less ten per cent, at any time within one year. Thus, one might wear a Our Steel and Iron Friends. 
fifty-dollar Diamond for a whole year, then send it back and get $45.00, making 
the cost of wearing the Diamond less than ten cents per week. Smaller houses 


Our Guar tee Certifi te given with every Diamond is 

an ICALE the strongest ever issued by a 
responsible concern, Our exchange system is the most liberal ever 
devised, for it permits you to return any Diamond bought of us, 
and get the full amount paid in exchange for other goods or a 
larger Diamond. 








cannot follow us in this offer, for their smaller business will 
make sales on a ten per cent basis. 
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There can be no more favorable time than the present for making a 
Diamond purchase. Prices will advance at least 20 per cent within 
one year. Dealers generally are agreed in this opinion. 


LOFTIS BROS. @ CO. 


Diamonds—Watches— Jewelry 
Dept. P-180. 92 to 98 State Street, CHICAGO, ILL. 
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MARCEAU’S “BUTTERFLY.” 
In the little town of Neuilly, France, lives a certain 
Emilien Marceau, who is a printer by trade It hap 


pens that the printing business is not particularly 


brisk in Neuilly, for which reason Marceau must turn 
to other things in order fully to occupy his mind 
From his shop windows he had ampie opportunity to 
watch the birds and butterflies as they flitted by 
After he had watched the yirds and butterflies for 
se Vert year he wa eized with tl desire to fly 


And thus it came about that Marceau joined the rani 


of airship inventor Butterflies fly because they have 
win therefore, a flying machine must have wings, 
he thought. He built himself a rude car, fitted with 
outriggers on which wings were pivoted, and coupled 
up these wings with a man-driven 
mechanism, consisting merely of a 
sprocket and chain which gave a 
reciprocating movement to the 
wings With a kind of poetic fit- 
ness, or rather unfitness, Marceau 
christened his machine the “Butter- 
fly Here is Marceau’s lucid ac- 
count of th Butterfly’s” soaring 
possibilitie 

“My car weighs 61% pounds; | 
weigh 165 pounds total weight, 
226% pound | fasten a balloon to 
my car, capable of lifting 220 
pounds i drive my machine by 
muscular force alone; and this mus 
cular driving power gives me an 
additional lifting capacity of 44 
pounds That means | have about 
8 pounds to spare. | must rise; 

figures are conclusive 


nfortunately, Marceau has not the wherewithal to 
jurchase a ha!lloon o that the conclusiveness of his 
cogent r ing, however satisfying it may be to 
himself, « still open to question Some day he may 
wet his balloon; if he dor he will learn more about 


gravitation than was ever dreamed of in his philoso 
phy 
2>-e-s 
A VERTICAL HOUSE MOVING 
There have been some remarkable feats of house 
moving chronicled from time to time in the columns 
of the ScienvTiric AMERICA) but surely the one of 


wh 


ich we here present illustrations, in which a fine 
old mansion was iifted 160 feet from the banks of the 
Monongahela to the summit of the cliffs above, is the 
most remarkable of them all. The vuilding, which is 
known as the Brown mansion, has stood for several 
wenerations at the foot of the lofty and precipitous 
cliffs which line the river at this point. It was built 
by a Capt. William Brown, father of the present owner, 
and has been a landmark at Brown's Station on the 
Baltimore & Ohio Railway for many years Among 
the many improvements of t*eir track which are being 
carried out by the Baltimore & Ohio Railway Com- 
pany is the straightening out of their line, by the elim- 
nation of the sharper curves, especially on those por- 
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tions of the line which follow the windings of the 
river At Brown's Station, where this house was lo- 
cated, the railway company required for improvement 
purposes the ground on which the building stood: and 
hen the site had been sold to the company, the ques 
tion arose as to what disposition should be made of 
the old mansion. At the top of the cliff, 160 feet above 
the former site of the house, is a fine stretch of orchard 
land belonging to the present owners of the house, and, 
largely from sentimental reasons, it was decided to 
move the building up the face of the cliff and place 
it on this elevated site, which commands a fine view 
of the river and the surrounding country. The diffi- 
culty of the task will be understood when it is stated 


that the building measures 85 feet by 40 feet, and 





MARCEAU’S “ BUTTERFLY.” 


weighs about 800 tons. The first operation was to insert 
eight large timbers, measuring 12 inches by 16 inches, 
and 85 feet in length, beneath the building, while be 
tween these and the structure were laid about 200 7- 
inch steel needle-beams. While this was going on, the 
face of the cliff was stepped out into four benches of 
about 30-foot lift each. The building was then raised a 
little at a time by hand jacks, and the eight walls of 
timber cribwork built up beneath it. The blocking was 
all carefully sized to 6 inches by 8 inches. The crib- 
work was stiffened in both directions by means of 8 x 
8-inch waling pieces, and it was sway-braced by half- 
inch chains with turnbuckles. When the house had been 
lifted 30 feet, it was drawn onto the first bench by 
means of two winches on the top of the cliff, each driv 
en by two horses, a 2-inch line with four-part blocks be- 
ing used. Another lift of 30 feet was then made to the 
next bench, and the various operations were repeated, 
until the house was landed on its new site, 200 feet 
back from the old site and 160 feet above it. As may 
well be imagined, a vast amount of timber was re- 
quired for this work, amounting in all to 20,000 care 
fully-sized sticks, which required twenty cars to trans- 
port them. The actual cost of this house moving is 
not given out, but it is well understood that it consid- 
erably exceeds the original cost of the house itself. 
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We are indebted for our illustrations and particulars 
to Messrs. John Eichleay, Jr., Company, the contrac. 
tors for this unique piece of engineering work. 
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New tron-HMardening Process, 

Phosphorus, as is well known, has the property o; 
imparting a certain degree of surface hardening to 
iron, but not without producing brittleness. The iron 
is made to assume a coarse structure, in which the 
crystals are comparatively loosely bound together. 
This effect of phosphorus of loosening the coherence 
of the molecules of the iron greatly facilitates the ap. 
sorption of carbon by the iron. The carbon rapidly 
penetrates the iron to a considerable depth, imparting 
great toughness to the core and nul- 
lifying the comparatively slight de- 
fect constituted by the inconsidera- 
ble brittleness of the surface. Two 
Prussian inventors apply this prin- 
ciple in their process for hardening 
iron by heating the same in a tem- 
pering powder consisting ef organic 
nitrogenous substances, containinga 
high percentage of fusible ash and 
employing phosphorus as the me- 
dium for the introduction of carbon 
inte the iron. Without prejudicially 
affecting the welding properties of 
the iron, it imparts such a degree 
of hardness thereto that it can 
neither be cut nor chipped by the 
best stee! used. In order to harden 
the surface of about 200 kilo 
grammes (441 pounds) of iron to 
a depth of 1 millimeter (.0394 inch) 
” means of this process, the pieces should be im- 


hedded in a retort, muffle, or the like, in bone dust, 
to which is added a mixture of 300 grains of yellow 
prussiate, 250 grains of cyanide of potassium, and 400 
grains of phosphorus. The receptacle is well closed, 
luted with clay, etc., and raised to a clear red or white 
heat, whereupon the material treated is immersed in 
a glowing condition in a water or other bath From 
Oliver J. D. Hughes, U. S. Consul-General, Coburg, Ger- 
many 
—- 2-+e-e 

With a view to stimulating invention and of induc- 
ing inventors to effect improvements in existing appli- 
ances, the Industrial Society of Mulhouse in Alsace has 
issued a programme of prize medals which it is pre- 
pared to award in February, 1904, for (1) a new type 
of fixed boiler to utilize more than 80 per cent of the 
heat generated in the firebox; (2) an apparatus to 
register the total effective work of steam engines; (3) 
a gas engine to utilize poor gas and developing 250 
horse power and upward; (4) improved methods of 
steam raising, whether by gas, mechanical stoking, or 
other means; and (5) improved wool combing and 
carding machinery. Copies of the programme and any 
further information can be obtained from the secre- 
tary of the society at Mulhouse. 
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This old mansion, measuring 8 by 40 fevl, aud weighing 800 wous, war raised from the banks of the Monongahela River to the summit of the biuff, a vertical lift of 160 feet, 


VERTICAL HOUSE MOVING. 
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Editor of the ScIENTIFIC AMERICAN 
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printed—the 


ENCYCLOPEDIA AMERICANA 
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Unlike most Encyclopedias of to-day, it is not an old work 
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valuable information that was previously unknown. It is a 
whole library in itself—a gazetteer, an atlas, a universal history, 
biographical dictionary, commercial dictionary, dictionary of 
the sciences, arts, philosophy, etc., et 

In the mechanical details, binding, typography, illustra 
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Special Club Price and Easy Payment Plan 
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To Copy a Letter with the Foyer 
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HINTS TO CORRESPONDENTS. 


Names and Address must accompany all letters or 
no attention wil. be paid thereto. This is for 
our information and not for publication, 

References to former articles or answers should give 
date of paper and page or number of question. 

Inquiries not answered in reasonable time should be 
repeated; correspondents will bear in mind that 
some answers require not a little research, and, 
though we endeavor to reply to all either by 
letter or in this department, each must take 
his turn. 

Buyers wishing to purchase any article not adver- 
tised in our columns will be furnished with 
addresses of houses manufacturing or carrying 
the same. 

Specia! Written Information on matters of personal 
rather than general interest cannot be expected 
without remuneration. 

Scientific American Supplements referred to may be 
bad at the office. *rice 10 cents each. 

Books referred to promptly supplied on receipt of 
price. 

Minerals sent for examination should be distinctly 
marked or labeled. 
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HIGH PRESSURE, HOT WATER, 
RESTARTING INJECTOR 


Range 30 to 200 Ibs. Handles Hot Water at 140 
degrees. Lifts Water 18 to 22 feet and accom- 
plishes these marvelous results 
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This Injector is AUTOMATIC in ACTION and POSITIVE in RESULTS 
IT IS MADE AND GUARANTEED BY THE 
e 380 Hold A 
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(9238) E. C. H. says: My boat is 32 present work? Do you wish to 
abt: c88 iibed: Gants, 6 % x6x6 ; ait. change your occupation? If so, the 
tions, 380 to 420; steam, 125 pounds; wheel, | Intern atienal . orrespondence 
27% inches; pitch, 37 Inches. Speed over Schools can hep you. No matter 
measured mile in slack water, 11.39 miles with where you are or what you are 
full stroke. Normal speed, 9 to 10 miles with | doing, we can give you, by mail, 


the exact training required to attain 
a better position, 


% cut-off. I. H. P. (cards) under 9. Vol. | 
26 inches to 27 inches. This may interest 
E. T. BR., No, 9225 of Notes and Queries, in| 
ScIENTIFIC AMERICAN, November 14. 


(9239) C. F. F. says: Have you any 
publication that gives a more explicit explana- 
tion of the Wimshurst induction machine than 
is to be found in Hopkins’s “Experimental 
Science’? 1 regret to say a machine that I 
constructed according to his instructions re 
fuses to work. Have made one radical change 


We teach by mall, Mechanical, Steam, Eleotrioal, Civil, 
and Mining Engineering; Shop and Foundry Preotioe; 
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English Branches; Locomotive Running; Electrotherapeu- 
tic=) Ad Writing; Frenon; German; and Spanish. 


When writing state subject that tzterests you 


International Correspondence Schools 
Box 942, Scranton, Pa. 














from his specifications, by using large gramo- “ 
ing a : |SHOE BLACKING.—FORMULAS F< oR 
phone disks in place of giass. Do you sup 
5 : heute 313 solid blacking are given in SUPPLEMENT 
pose that is the cause of my failure? Have os. 1213 and Price fi ounts each, For 


1239 
used the rubber disks before, and obtained ex: by y haunn & Co. and rue newedeale 


cellent results in condensers, and supposed that 
same could be used for the above purpose. A. 
We think it strange that you should say you 
have constructed a Wimshurst machine accord 
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THE IMPROVED 


BOSTON 
GARTER 


ing to Hopkins’s “Experimental Science,” and 
it will not work, when in the next sentence 
you say you have used a very different plate 


” 


from the directions in “Experimental Science. 
We think if you had used glass plates as di- 
rected, you would have had success. We see 
no reason why a smooth ebony plate might not 
be used on the machine, but should not expect 
success with a rough plate, as we suppose the 





gramophone plate to be. In condensers, the 

rubber plates act only as insulators, In a IS KNOWN and worn | 
machine their office is very different. An in 

duction takes place through them, and they , Every Pair Warranted 
are charged and discharged as they revolve. “MET The Rame is 

In making a new article from instructions, it stamped on every ° 

is most desir«hle to follow the instructions loop -- 

implicitly. We recommend, and can supply at 

ence, the new edition of Gray's “Electrical In 


”" which describes the construc 
Price 


fluence Machines, 
tion of Holtz and Wimshurst machines. 
$2 by mail. 


(9240) J. E. H. says 
reader of your valuable paper, I take the liberty 
of asking you the following questions, which 
I trust you will be willing to answer, not only 
for my own benefit, but for all your interested 
readers: Is there such a thing on the market 
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as a perfect rotary engine’? If so, kindly state Bend 

wherein they are superior to the ordinary types a for Cottem, : , Geo. Prost So. shoes, 
of to-day. A. Replying to your question re- Sample Pair. on 

garding a perfect rotary engine, we would| (ummm REFUSE ALL SUBSTITUTES 
say that there is no perfect engine of this, ee 


YOU ARE JUDGED BY YOUR TEETH 








character on the market, A rotary engine a 
the advantage of not requiring the reciprocat- 








ing parts of the ordinary steam engine, and | 
therefore may be perfectly balanced. In some/| 
cases this would be an undoubted advantage. | 


No thoroughly successful engine of this type, 
however, has been placed on the market, owing | 
to the difficulty of controlling the admission, | 
expansion, and release of steam by means of 
simple mechanism. The steam turbine has the 
advantages of the rotary engine, and is 
being built in this country. 


(9241) W. A. A. says: Please give| 
me rule for determining proportion of air and | 
coal gas, for best results with atmospheric 
burner. A.A rule for determining the pro 
portion of air for the perfect combustion of coal 
gas is as follows: It is first necessary to know - 
the chemica! the gas, 7 A n zg ] e 
combustion of coal yas varies much in different B 

elders 


The three principal constituents which 


now 


ZEPTO makes teeth Pearl White. Pilthy teeth 
makes offensive breath. Every member of the 
bouseho!d should havea Zepto. 24c. postpaid 
Dento Mfg. Coe., Dept. J, Market and Lake 
*ta.. Chicago, Ils.. or at first-class druggists 





analysis of because the 






places. 
We make hand-.vower 
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take part in the combustion are, first, hydrogen, benders for forming an 
second, carbon, third, carbon oxide (CO). MM , gles in stock | in. thick 
In YS ea and under, Light stock 
order to determine the amount of oxygen for — can be bent cold. 
each of these three constituents, multiply the WALLACE SUPPLY COMPANY 


number of parts of hydrogen by 8, multiply the 
number of parts of carbon by 32-12, multiply 
the number of parts of CO by 16-28: add these 
three quantities together, and it will give the 
weight of oxygen needed; then multiply this 
amount of oxygen by 5, and it will give the 
weight of air needed for the perfect combus- 
tion of the coal gas. As a rule, from 30 per 
cent to 50 per cent excess of air is required for 
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the best results. At atmospheric pressure, one 861 Broadv-ay, New York. 
pound of air is equivalent approximately to 13 4 a wr wy é Shy Wotanaiem B.C. 
euble feet. — ee 
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AMERICAN HISTORY AND Irs GEOGRAPHIC | 
CONDITIONS By Ellen Churchili 
Semple tjoston and New “York: 
Houghton, Mifiln & Co. 1903. 8vo. 
Pp. 466 Price $3 

In this excellent though not too scholarly 
vork, the author has traced in no uncertain 
annér what may be called the influence of 


the eography of this continent upon the his 


ory of the United States In other words, she 


has shown the effect of the explorations of the 


earlier adventurers, the consequent spread of 
geographical knowledge among the people of 
the Kast, and the resulting growth of the 
inited States to a continental power One 
fact stands out prominently in this geographi 


al estimate of our position, and that is that 
ir course of equisition has ever trended 
westward hat it has overstepped the boun 
daries of the Pacifi has reached Hawali and 
the Phillppines, and pow seems to have ac 
quired no unimportant position in China A 
chain of historical events has determined that 
the commercial outlet of th‘s country is to be 
Excellent bibliogra- 
phies are to be found at the end of each 


found in the Far Waast 
problem of re 


chapter whic simplify the 


tracing the ground the author bas covered 
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cies Dp, A, REED’S CUSHION SHOES 


held in Lot It is 
of all the facts which tend dire: ‘ly or indi 
rectly to the study of the critical point of 


exhaustive exposition | 





pure bodies It must be confessed that the 
author has proceeded with considerable impar- 
tiality Hie himself, however, seems to favor 


the liquidogenique idea of Traube 


Jaunevcn FUR DAS ESENHUTTENWESEN. 
Erginzung zu Stahl und Eisen. Ein 
Bericht tiber die Fortschritte auf alleu 
Gebieten des Eisenhittenwesens im)| 
Jahre 1901 im Auftrage des Vereins 
deutscher Eisenhiittenleute bearbeitet | 
von Otto Vogel. Il Jahrgang 
Diisseldort: August Bagel. 1903. 
Price $3.50. 
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Cures ail Foot Ailments 
Try on a Pair 
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Adding machine, ¢ Wales . 
Adding machine carrying mechanism, ‘ 

Wales eeee cose . 
Adding machine correcting mechanism, (¢ 

thes eee 

Adding machine multiplying mechanism, ‘¢ 

Vales e 745 O41 
Adding machine sero resetting mechanism, 


i Wales 
Air break M. H. Nef 
W Valentine 





‘ utils ! f compressed, R. Nutty... 
\ le hook, | W. COMM, cecccsvcesececs 
Aotihunting device \ Churchward 
Apron, #torm i Holden 

Anh t cov J 


Baby comfortet, 
Baling press, & 
Band utter aud feeder, Smith 
Randel 

bined, I ii 
Barber chalr I iH 


com 





Roiler scraper and clea H. Cc. Mill 


Bolt ¢lipper, H. K. Porter 
Boot or shoe levellag apparatus, H. A. Web 





} ' Rosmann & Barthold 
I be losur J. 1 Perry 

Kh ' ’ refillable M. M Nddison 
Bottle, non-refillable, 1. N. Burke 
I 

! 

I 





ottl: or Mask, F. R. Jobnaor 

tthe stoppe I. « towers 

metallic closure for, A. I 

Weissenthanner 

Bottles or the like, machine or apparatus for 
ned 





ecorking a labeling Higgins & Wed 
mhonds 

Bottles, et« stopper confiner for flexible, ¢ 
I Cushing 

Bracelets, rings, et ippargins for making 
and rnamenting J Arie 

Rrake mechanien illwa b W. Chaffee 

Brake shoe ote removabl { Ww Larson 

Briquet machine, * Mever 

Broller i { la t 

Brush J I Cu ‘ J 

Brust ’ J trokenahire 

true’:, fountain, J. T. Langil 

Brush, paint, B. Vegiard dit Labent: 

Buckle eroas line Hw. ¢ Guttridge 

Buckle fa 1ing, T. Mor 

Huckle hat “a j Holets 


Kurner, | BK. Pettengill 
turner, G. Machlet, Jr 
Cabinet, kitchen 





Caleulating device, & Wieda 

Caleulating machine \ } Bergey 

Calendering machine Ww J Foley 

Camera multiplying attachment, A. L. 
Swr rts 


en ends, utting, J. Lee 
Candie holder, A. Graef 
Cane loader, A. J. Savote . 
Car brake, W. W. Hopkins......-. 745,848, 







PROMO 


A TONNEAU 
Fy” TOURING 
4 CAR o@ o 


rhe strongest and most 
powerful car of its weight; 
nothing equal to it, eitber 
in power or app 
sold tor less than & ), 

1%4 Model “K” Rambler, 
sixteen actual horse 
power, carrying five per- 
sons, complete with brass 


J 
| headlight; brass oil side (( a a | —— 
lights and pease born, “ 4. (SN 
$1,200 
at the Jactory. 


v Model “ L.” exactly like Model “ K,” but fitted complete with canopy top, curtains, plate 
glass swinging front, lamps, born and side baskets, 


Ss 1 ,350 at the factory 


All Rambler Cars are controlled by one lever; have full elliptic springs; two powerful 
brakes, one on transmission, the other on each rear wheel Modets * “K” and “L” 
bave thirty-inch wheels and large tires; eighty-four-inch wheel baa¢ wo-cylinder op- 
posed engine; all models have positive wheel steering device; French style bonnet: 
pressed steel bhuod. , 
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Shall we send you complete illustrated cataloque 
explaining each special point of Rambler superiority ? 


THOMAS B. JEFFERY & COMPANY 
CHICAGO BRANCH: 4 Wabash Ave. 


rs 


» Kenosha, Wisconsin 
BosTON BRANCH: 145 Columbus Ave. 








| Electric motor, G. H. Ennis 
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Rolling Mill Type | 


Our latest design for extra heavy duty 

Especially adapted for direct connection 

to electric light or puwer generators 
Catalogue 54 | 


Murray Iron Works Co. | 
Burlington, Iowa, VU. S. A. 


HOW TO BE STRONG 


Get this FREE Book | 


"VW . | 
“The System That Made Al! Strong Men Strong.” It is an Interesting, instruc 
tive work on physical culture, explaining and proving the principle of 


Progressive Weight Lifting 


It is the true method of muscle development—the method used by all famous 
men of strength. With our perfected apparatus and new system of instruction 
we can practically guarantee permanent results in the acquirement of perfect 
health. statuesque physique and great strength. Full course of instruction 
free with every 


MILO AbdIUSTABLE BAR -BELL 


The greatest body-building apparatus ever devised. Cost, covering everything, 
is but $10.00, Freight paid east of Missis«ippi. Write to-day for the book and 
learn all about the best system known. 


THE MILO BAR-BELL CO., 414-M, Mariner Building, Philadelphia Pa. | 
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Car buffer, W. F. Richards 745, 667 
Car coupling, automatic, W. 745,794 
Car lighting system, R. F 745,830 


Car, motor, BE. Hospitalier..... ° 
Car, railway, J. M. Hetfield 
Car step, C. Sellergren 
Car wheel, G. Newland.... cecccccsees 
Car window, street, W. O. Mundy.......... 
Cars, crippled drawbar for locomotive rail- 

way, M. ¢ Blakeslee woe ° 
Carbon chlorids and silicon, producing, F. J 

Machalske < - 745,637 
Carbonaceous substances, apparatus for sepa 

rating and collecting condensable, L. P 




















Lowe ‘ 745,870 
Carbureter, G. 8S. Goslee..........6.+6. 745,489 
Card clothing, M. E. Sullivan ooee 745,074 
Cards, playing, C ‘. Meriwether.... «++ 745,879 
Carriage Be, FW. Baber. sc cccccecssees eee 745,619 






Case. See Meat case 
Cash carrier, J. L. Baldwin........-see. 
Cash register, M. Giesel 





Cash register, E . Von Pein. 
Centrifugal separator, A. C. Van 
Chain, ¢ Ww evalley ae 
Chain lnk, sprocket, F, L 
Chair, G A. Dutton.... 
Chuck, lathe, C. C. rris..... ° see0e 
Chuck or work holder for pipe-threading ma 

chines B. Borden eee . : . 
Churn, T. H. Banks.... 
Chute, ore or coal, H. Greer, Jr. 
Cigar lighting device, electric, J. W. 
Cigar perforator, W. K. Holmes........ 
Cireuit Hewlett & Badeau........ 
Circuit t automatic, E. M. Hewlett.. 
Clock, geographical, H. Schumacher..... 
Cloth-steaming auratus, F. Burgher. 
Clothes clamp, 5s. Brown..... concece 
Clothespin, J. G. Howard 
Clutch, G. M. Beard.......... 
Cluteh, friction, N. Fox...... 
Coaster brake, A. F a bonesnes ‘ 
Coffee or teapot percolator, W. R. Montgom- 

ery .. ‘ ° ° . 
offee pot indica‘or, A. Uhalt.. . 
offerdam and foundatic D. D. McBean 

’ L 





Kir 





Sweany....... 

















( 
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Column support, Beaufsit 
Commutator bar, W. L Emmet 
Conceal filling and sealing machine, F. A 


Robinson 
Concrete mold, A. Ferguson 
Condenser, H. D. Baragwanath 
ontroller mechanism, C. Gulland 
Conveyer, ( Rasmussen 
Conveyer, G. | Greenwood 
Cooker, Ll. E. Miller ‘ ° 
Corn-husking and fodder-preparing machine, 
; 2. Curtiss 
orn shocker, W. B. Martin 
Cornet, ¢ ( 
Cotter, H Jung 
Cotton chopper, H. ¢ Stringfello 
( 
4 





otton or rice chopper, H. E. W. Kirkland 

‘ourse and bearing correcting device, J. Bax 
ter e 

Crate, et« collapsible,. W. H. Ort 

Crate or box, folding, W. H. Crossley 

cuff, F. X. Mudd 

Culinary scraper, B. Donaldson 

Cultivators, jointed beam for, I. A. Brock 


Current meter, alternating, Stern & Lotz 
Current motor, alternating, A. J. Church 
ware 745,325, 


r 





Currents of low periodicity, means f 
ducing alternating, W. Meissner 
Curtain and shade fixture, combined, W. N 

Packer 
Curtain fixture, T. Ebert vos 
Cuspidor, railway car, N. Davis 745, 
Cutting apparatus guards, supplemental fin 
ger for, W Webber 
Cycle driving and brake mechanism, A. F 
Rockwell 
Death determining instrument, J. E. Storms, 
J 


pro- 
745,508 


745,895 
7 > 


4 





745,940 


Jr 

Dental dies, making, ( A. Holmes 

Dental tool, C. M. Freeman 

Dipper handle, B. H. Coffey 

Dish washer, G. W. Hunt 

Disk drill, F. R. Peckham 

Display rack, J. V. Brooke ° 

Displaying advertising cards, display signa, 
ete., mechanism for, ¢ S. Sinclair 

Distillation of ammoniacal liquors, apparatus 
for the, G. Wilton ‘ 

Distribution system, C. P. Steinmetz 

Dog-training device, F. H. Erb, Jr 

Door hanger, A. Ff Coulter 

Door strip, A. Snorin 

Door, window, et« 
Chaddock 

Draft equalizer, W. H. Shell 

Draft rigging, H. T. Krakau, reissue 

Draw gear and buffing apparatus, M BE. 
Dayton % 

Prying apparatus, Olsen & Noxon 

Drying frame, E. A. Messerly 

Drying reel, J. D. Guthrie 


closing device, G A 





Drill disk drill 
Drive » J. A. and H. W. Hock 
Dumb ter, E. B. Everingham 





7 

Dust beater, R. O. Hammond.. 745,434 

Electrie circuit closer and breaker, T. H 
MeQuown 

Eiectri eurrents for low potential use, 
means for modifying high potential, H 


745,370 


L. Carpenter 745,715 
Electric distributing system, R. Thury 745,929 
Electric generator, multiveltage, G. H. Gib- 

son 


Electrie light circuits, automatic cut-out for, 
R. J. Patterson 
Electric light supporting drum, C. W. Rile) 


Electrical elevator, R. C. Smith 
Electrical windings from _ static strains, 
means for protecting, Pearson & Cutch 


eon 

Electrode, H Blackman 5 

Electrode for electric tube “lamps, D. M. 
Moore 

Electrolytic apparatus, H 

Electrotheimic ventilator, I 











Elevator wells, mechanism g ft 
closing gates of, J t ir 745,094 

Engine cooling device, explosion R B 
Weaver 745,701 
Engine crank shaft, BR. B. Weaver 745,700 

Engine steering wheel, traction, D. W. M« 

Laughlin 745,511 

| Engines with exviesive mixtures, apparatus 
for supplying explosive, C. G. Dean 745,57) 


Engines, means for supplying water to the 
pistons of gas, H tichter 








Evaporating apparatus, liquid, G. Stade 
Excavating and dredging bucket or grap 
pt ( A. Marrder 


Exhaust head, W. F. Warden 

Explosive engine, C. R. Daellenbach. 745, 

Eye testing instrument, C ". Kautlet 

Eyes, ete., means for inspecting or testing, 
J E Chainbers 

Farm gate, B. H 

Fastener, E. 8. ¢ 

“eed water heater, : 
combined, W. Cross 

automatic stock, J. M. Manifold 

stock, C A. Wright 

Fence machine, wire, J. A. Cocker 

Fence machine, wire, J. W. Dwiggins 

Fence, portable, disappearing, I. B. Abra- 
ham ceccecce on ° . 

Fence post, I. Haws A 

Fence stretcher, wire, I. M. Warner 

File scraper, H. L. Adams 

File, vertical, F. W. Tobey 

Filine ca 
). Se ee 

Filter, H. Q. Hood 








and scummer, 





Filter, E. & M. Schissel 


Filter and apparatus connected 
therewith, S&S. H. Adams 

Firearm, breech-loading, O. F 

Fire kindler A. Torney 

Fireproof building, J. Seully 

Fish cleaning machine, Keller & Cartey ~ 

Fish hook, L. J. Bilee.......ccecsesccesses TAbam 





construc 





Mossberg 
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| Fish hook attaching device, ©. A. Abbath. 745,751] 
Floor plate or block, parquet, Cc. Amendt.. 745,554 


Fe ‘lour, vegetable, G. Brown.....-....++++++ 745,565 66 9 
Fluid pre ssure, developing and utilizing, J. AR LA | al ES 
©. Fraley . 745,589 . 











Flume, sheet metal, M. H. Laybourn...... 745,868 


| #ly catcher, J. Schnell ..... évcvccocccts 745,914 : 
| Food chopper W. H. Henry...........«0. 745,609 FOOT AND POWER 
| Fork. See Thrust fork . - i 
| Form, bust, A. M. Coleman,...........++ 745,787 2 High-grade screw-cutting ae Lathes, with 
Friction brake, A. B. gReynolds...........+ 745,386 j forged crucihie steel hollo spindies, phosphor 
| Fruit jar, M. W. Owens.........sssecsens 745,375 bronze bearings, gear-driven - rsible feeds with 
Fruit or vegetable cleaner, O. H. & F. B. \ strong friction drive in apron, our patented spring 
Perry LOIRE ES «8 PPE A 745,658 nuts which allow quick shifts of change years, also 
| Furnace, Martin & Busley. Pere ye 745,365 Draw-in Chuck, Gear-Cutting, Milling and Taper 
Furnaces, support jacket or “frame for cool- } Attachments if desired. 
ing plates or coils in blast, A. Farrell. 745,430; Suitable for electrical and repair work, model 
Furniture trimmings, device for aaateninG, makers, gunsmiths, technica! sheets and fine, ac 





dD. W BOWE soc cccces . 
Fuse block, Utley & Cleme Re 7 
Fuse for projectiles, delayed action, W hee ler r 

& Mchenna ° rrr 
Fuse holder, electric, J. B. McCarthy. 

Fuse, plug, J. H. Hanson.............-. on 
G » J. W. Melvin.... sepsrocoesenae 
ge and float therefor, E L. Wickins 
Game, L. H. Riddle . 

Geme apparatus, H. ¢ Kramer 
tarbage box, T. E. Burrough 
I 


curate machine-shop and tool.room service, 
Ask for COMPLETE DESCRIPTIONS, 


THE SENECA FALLS MFG. CO, 
gin. set “ST AR” Foot Lathes, 656 Water St., Seneca Falls, N. Y., U. S. A 
(78) 








Garment hanger, ( Fr 4 Hoeptinger. 
Gas burner, W A. Cook . ; 
Gas burner controller, P. F. jlazier 

Gas engine, G. Westinghouse . 745,708, 
Gas generator, acetylene, Harger & Bald 
} win 


jas generator, acetylene, J J. He sndler 
Gas heater, J. G. Rodgers 
| manufacturing, C. W. Lummis.... 
jas producer, Campion & Wyant.......- 
| Gear, re rersible driving, W. B. Gibbs.. 
| Gear, reversing, E. E. F. Fagerstrom.. 
Gearing, magneto ictional, G. H. Gibson. 
Glass articles, apparatus for em ing hol- 
| low, Sievert & Klein.. . 745,391 
Glass, endless carrier for sheet, Frink | & 


. S . 7%, 
FOR FLATTENING WIRE a. molting, J. 7. 0. enter ie Ww gs — 








A Doliar’s Worth 


of 5-inch full weight 


RESAGOS 
HAVANA 
CIGARS 
























3 . | Hughes ‘ 7 y ‘We sell you Havans Secundas 
Five Sizes | Glucoss making, L. Roth 745, 67: 4 Cigars with the profite of sales- 
. . - ' jobber ane dealer cut ont, 
: | Gold separator, M. C. Wright 745, 
HARDENED KRUPP STEEL ROLLS J) Governor engine, “w.’ Mt. Hewieti 745.3 TS 
Lf te i for 
All Sizes Governor, steam engine, W. O Webber 745, double the price, “If this ts erne, 
Grain binder knotter, G. W. Whittington.. 745,941 I am tnterested,” you say. All 
THREAD ROLLING MACHINES Grain binder needle, P. H. Bieman 745,769 ne We'll prove it, Wrap w 
Grain binder, twine can, P. Hanson 745,834, 745,835 — send it to us, end we w 
ive Sizes Grain drial seed tube, L. B. Roby...... 745,671 is 
Graphite or other materials from associated 2 
; GANG eurrtine MACHINES nnputities, apparatus for separating, I 25 RESAGOS 
ia oo getline ares 5, Fine Havana Cigars 
Four Sizes Gotadins machine, Se hes pack & Heupel * The high-grade single gun.” Ail charges prepaid. 
Grinding mili, G. 4 Simplest “ take-down” gun made, To ee a Or, See 
1 urinding or crushing head, V. W. Mason, Jr SOP ; don’t iike them, return to 
RIVET MACHINES Giindine re cute wane re snap; center hammer; rebounding lock. Well pay tho capram seth ware, 
Single and Double Stroke | Mason, Jr. : 12, 16 and 20 gauges ; automatic and —-> and 
i : ejector styles, Your dealer can supply 
: ) WIRE FORMING MACHINES bow | — ae for breech-loading or we will sell to you direct. - YOUR MONEY BACK 
‘ : Son Shae |Guns, single-trigger mechanism for double eaten oan. og tells about our com- if net satisfactory. 
; ) |, barrel, O. H. Peak e aS We don’t wind inking the risk because 
. SPRING COILING MAGHINES | Hame fastener, R. Dodsov Harrington & Richardson Arms Co. we knew you'll ike them, 
i | ne, a & Starrett Worcester, Mass. e. mene _tiavana gare exclosively, 
| - arness, r orning x e sell te tnatidous individual smokers 
sizes Meee Gi cw tae mciental of H. &'R. Revolvers g and leading cute direct tetas inshore, 
. e started doing (bis 98 years ago the 











first factory in the world to do tt and have 
iy sea om for high grade goods that covers 


_ = FURNITURE NAL MACHINES Harvester ejector attachment, W. M. Pilati 





Harvesting and cleaning root crops, machine a the countr 
| for, J. L. Timmons.. Pa, ‘ 
.- EYELET MACHINES Harvesting machine flag or wind break, P WIRELESS TELEGRAPHY. SCIEN- Gentlemen : 
Tc AMERICAN SUPPLEMENT Nos. 113%, 13°27, I Hike these cigars very umnch, 
13:28 and 1329, contain illustrated articles on this you may send moe 805 La Recianm “ Re- 
Harvesting machine twin un, P. Han mn, subject by G. Marconi. Additional illustrated articies sages" cigars. I inclose draft fur same, 
a es 1g ac e e can, so 


by Other authors are contained in SCLENTIFIC AMERI- also $4.(«) for the first 106 that you sent 
CAN SUPPLEMENT Nos. 11:24, 1131, 1177, 1192, — oe . 
1217, 1218, 1219 and 1304. These papers con- Cae ok net, Coston, 
stitute a valuable treatise on wireless telegraphy. Price tate Hank, Siver Cresk, Neb, 

| 10 cents each from this office. and all newsdexlers. Write for tustrated booklet hewing our 
Mberal spec Ne Pure Havane Cigar 
from $4 to $15, b mohadin our handsome com 
MORRILUS “HERCULES” PUNCH tinaion a Xmas Gifts 
WILL PUNCH A)* INCH HOLE THRO *iSGAUGE GHEET IRON 

SIMPLE IN OPERATION The olA 


Sub Presses and Sub Press Tools [Has rake, horse, G., Wilson = 
ats aerleginn I g AER 


3 BLAKE @ JOHNSON — indicator, J % hy 


interchanger, Jarman 

Heel attaching machine, F. F. Raymond, 2d 
P. O. Box 7 Waterbury, Conn. Heel pad, elastic, W. C. Corman ‘ 
Heel, shoe, L. F. Small 
NINE Tite IMA te Hide working machine, A. A. Hutchinson.. 








1 
4 ® Ps Hanson : ° sees 
Presses of all Descriptions Harvesting machine knife head, G. Wilson 




















ee INEXPENSIVE 
sai - - : High or low water alarm, R. C. Blake.. URABL La Reclama Cuban Factory 
t. GAS ENGINE DETAILS.—A VALUA-| Hinge, T. B. McCready BAP 73-50% oO INTERCHANGEABLE 
ond ble and fully illustrated art’ sie on this subject is con- | Hinge, spring, A. F. Enquist CONVENIENT 1873-97 vst A rey 
- tained in SUPPLEMENT No. 1:29. Price 10 cents. For | Hinge spring, C. H. Ocumpaugh sees THREE SIZES OF DIES WITH EACH PUNCH a 
0 sale by Munn & Co. and all newsdealers. Hitching device, J. M. Fair, Jr., et al.... T DIES 





f THE WORLD'S HEADQUARTERS FOR _ | Hog catcher, HO. Cateneese PETS: ij Caan Monn, 27 Gnoanmay, New Yong 
aS ELECTRIC NOVELTIES and SUPPLIES | ici sr Anca Ay cheat OR oe ELECTRIC LAUNCH MOTOR. — THE 


If It’s Blectric We Have It. We Undersell All. Horseshoe, J. R. Holland design in this paper is for a motor of anasual simplicity 














83 , a of construction, which can easily be ballt by a0 amateur 
81 Battery Table Lamp | Hose coupling, W. W. Gibson ...... Pu Ss Ww 
78 Battery Hanging empl 8:08 00 | Hub hon ating device, vehicle, A. F. Rock- t @ Light herever yobs fe tout incon beam dravrna fi inebes. poe 


Telephone complete ell . 

~ 2.50 to 3.8 08 tintina arbon burner, A. L. Merrill.. 

Electric Door nom Ice-making machinery, W. J. Woodeoc k. 

Electric Carriage | oneal Ice, producing plate, W. J. Woodcock. 

fe Seni al Batteries Incubator, electrical, F. C. Perkins 
Ink fountain, Richardson & Wilcox 


is +3 able 4 bs 7 ‘we one : ee ataspeed of | m ies 
Wanted ! > heen. cuta. © SCIENTIFAS 
AMERICAN sv PPLE SuaNT, No” 1 2, Price 0 ) conte by. 
The Electrogrip fits the socket | ™4!l, from this office. and from al! newsdealers 

of any suspended electric light, - anaperendipsitonent 

and is readily attachable to any 





































42 Teiegraph Outfits 2s small projection. Non-conduc- 
OT Batt'ry Moros: 00to 1: 0 “oem mg as ms se : tive, oeif ocking and cannot 
3 Bicycle Eiectric Lignts 5 nsecticide, . & J c elvington ~-} tong “ mt 
34 Electric Railway D 4 Insulator for handled vessels, heat, ¢ K. -. Increases the usefulness 
an Pocket Flash Lights 50 Decherd of lamps on Desks, ‘Tables, 
7 Necktie Lights 7 5c. to 3. Invalids, warming device for use by, E. H = ya my pom eg in pra 
Electric Hand Lantern. @ Coates Gows, etc. rice 15 cents 
Send for free book. Describes at : * a rr 
and illastrates many of the most useful electric devices | [roning board, P. A. Rasmussen — Discounts on quantities 
| at wonderfully small prices. Ali practical. The lowest | [roning board, 8. J. Brown and to the trade, We want 
' price in the world on everything electrical. Agents can | Jar caps, means for fastening, R. Murr agents—everybody using «lec 
504 ' make bandsome commissions and many sales. Write | Jewel gaging machine, D. H. Church tric lamps will buy these fix- 
Jt 1 for complete information. Key mechanism, silent, M. Kellogg tures, 
499 OHIO ELECTRIC WORKS, — 2 0 CLEVELAND, D, OHIO Keyboard attachment for stringed instra- — « 
it ments, F. G. Baker uJ THE APPLIED DEVICE CO., ‘ 
an’ BUILD *' Your R Knife attachment, G. E. Crosley 7 ’ 
al itting mac " ; Mayo .. ? s 
34 INCUBATO Knitting machine, ¢ D *s 
: boy can do this easily Knotter, R. W. Hunton . Springfir 4, Mass. 
wi Apa Bo n tc tcond Save More Lace fastener, M. P. O’Connor - pe — a - 
one @ Than Malf. How? Get our Com- ace holder, F. D. Davie — 
79 plete Book of Plans for building New Inea _ Seainetien B. C. Re afc aie We supply the Amateur 'l'rade and our prices are lowest. 
412 Incuatons ann Baoovgns. We will then “add =r ola » & Bre eae tt 
der, Garrison & 


sell you at cost all fixtures like Tank, Lamp, 


adder, extension, Ziegler & Betzner 

adder, extension step, H. E. Bruno 

amp, R. M. Dixon 

amp, G Washington nee 

amp, electric arc, H. Emonds 

amp, electric are, R. Hulsart 

amp for liquid hydrocarbons, incandescent, 


700 R. E. Walther 

one hanger, Lindsay & White 4 
nll amp igniter, electric, Lind & Carlsson 

“a iene ete heating attachment for, G 
om Watson : 

57 

3 zantern, R. Black ° pene ‘ 


PUMPS FOR EVERY SERVICE ae Winchester & Greenlaw 


ast, A. Norman 


If you wish a pump for feeding boiler, for tank service, | Lateh, N. Erickson 
for pumping beer. whiskey, oil, milk, hot or cold water, Latch, gate, D. M. McRae 


DYNAMOS & MOTORS 


from $1.00 up 
Hustler Motor ‘ . $1.00 
Midget Dynamo ' . 4.50 
Medical Batteries . .W@ to 4.50 
1) Telegraph Outfit... . .2.25 
MiniatureLamps .... 35 
Bell Outfits ...... -41.235 
Motor Parts. ...... 9% 
Push Buttons ...... «42 
eter %: 4K can give them large commissions. 
2 Cc. & T. ELECTRIC COMPANY 
| 203 West ‘Dapewte St. Syracuse, N. Y. 


— and ~ 
som 


nd Cotatagne, ny - eae 
> 








nd dd nd 


a9) 






























































| condensation, vacuum, air, jet condensers, hydraulic | Latch, shutter, ¢ H. Haggerty 
: pumps, artesian or deep well engines, etc., etc., write Lathe dog, A. Tindel 
; UNION STEAM PUMP CO., Battie Creek, | Mich., U.S.A, | Lathe tool rest, H. M. Darling * + * 
? pais | Launch spray hood, C. H. Paine 
Lavatory epparatus, T. O. Potter 
Western 7 elephone Ledger or binder leaf, Baker & Winfield 
Letter box, E. I’. Wallace : ; 
Lever controller, G. Baeht All branches of Civil, Electrical and Mechanical Engineering; Drafting, 
Manufacturin Co ry at ee oe : A Bre 2 Architecture, Mining, [etallurgy, etc. Not only trade coygrses, but 
ait ais poar us, Sschnwan 4 . 
8 © | Loading or unloading apparatus, C. A, Long thorough preparation for all branches of engineering work, such as is gi¥en in the 
Chi it | Lock, C. Reiger best technical schools. Instructors are all college graduates. Life scholarships on 
ocomotive tende: J. Sma 
: icago, S. fe pees nd ng af Fogg — MOTE easy payments. Spare-time study alone required. Established 1893. A university 
: Pioneer Telephone Factory of America Loom, filling replenishing, A. M. Marcoux on the correspondence plan; usual collegiate degrees confe rred. Write to-day for 
Loom, filling replenishing 8. Woot 5 awe le ; aciuates. see 
Everything in Telephone Line Supplied pea ye ge og ea illustrated booklet containing extracts from letters of students and graduates. See 
nineties Eaeem eaeied. a7 Miaemenetts ; below what they say. 
Speen ator, B. M. W Hanson 4 af 
Ta cator, H. & surrell 45.8 DOUBLED HIS SALARY 
Patents, Trade Marks re va w adfield Tan wee ONS Beate, SS - ° From Arthur A. Aust, Johnstown, Pa.—* Your course is doing a great deal forme. The theory obtained 
9 Mail box OW .. Wheeler 74 ‘ from you, together with the practical experience gained, have enabied me to double my salary.’ 
co PYR I G xHTS s, etc., Mail delivery apparatus, suburban, N. 8 , P om B.C ~ Nps Nashville, Tenn.—"“I am at pregens empluyed as resident engineer. I must thank you 
licttors Howell 7 ‘or the thorough and efficient training you gave me 
Address MUNN & co., of Patents. Manifolding pad, ¢ H. E. Boughton 7 From G. W. Herkart, Rast Orange, N. Y.— 1 am so well pleased with your treatment and instruction that 
Office of the SCIENTIFIC AMERICAN Malting and drying apparatus, F. H. C. Mey 7 if I can find time { wil! iake a course in higher mathematics also. 
861 Broadway, New York. ; Marker, J. B. Kocks 745,624 
Branch Office: 625 F St., Washington, D.C. Measurements for garments, appliance for NATIONAL CORRESPONDENCE INSTITUTE 
iand-book Sent Free en Applicatic taking, H. W. Hilder .. 7 
emia Siciearinn’ Gevien, 3. WUMMS oisiccisscce 66-73 Second National Bank Building Washington, D. C. 
* 
® 
4 
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Meat case, dried, G. W. Holman ......--- 745,845 ' s s 
000 4 METAL / (i . Mechanical furnace, J. Armstrong .....-+- 745,757 
— _— Metal fibering machine, A. L. Cole........ 745,786 
Work ers Metal flanging machine, P a sectoccoece Le 4 660 
fi - Metal working tool, A imdle) .ncceccseecs x ® 
Without Steam Power should 4 Metals from ores, extracting, BE. B. Hack. 745,828 It Fits the Case 





Metallic structure, W. H. Clarke ........ 745,570 


ger our Foot and Hand Power 
Metallic tie and rail fastener combined, 


param. Dene Soe: Catalegnen Half the value of an accurate 





Home Mechanics 














































4 - Wood. working Machinery, Herrold & OFF .cccccccccvccccccccccs - 745,838 
Lathes, -_ | secede See Current meter. onan watch movement, like this one, 
SENECA FALLS MFO. CO. | Milk’ wotticn, “eter, cleaning and éieriiaing, = ieee ne test te a geerty made, 
695 Water St., Soneca Pails, N.Y. SS ——y ey errs rr 745,152 gettonded Gols case. That or mateurs 
ms ——ecves | Milling and key scat cutting machine, T. onan is why we make complete 
Ce ; J. Bloss .... , -hes: -st cases. fitte This book has achieved an unparalleled success in one 
MACHINE Milling machine, J 'B. Foote 745,431 watches; honest cases, fitted week, and a Special Edi 
TOOLS» SUPPLIES Mirror or electric nap bracket, B. F. Ord- to fine movements; both tion of 4,000 copies has been 
way 5°" Sir’ Mirmengensnonnes ee made in our mammoth fac- oa le by fer the 
Bde LATHE 0? cineca Molde apparatus, A W.. Tierney Chacha 745,679 | tory—largest in the world. the subject ever offered at 
av Se re de 4 such a low price. It tells 
Molder’s tool, L. A. Sehulse ..........+++% 745,678 dieccite doabinte how to make things the 
When an Engineer Molding and’ casting apparates, 3. i. ‘c- |  o, righ way the “only ) way 
oO Mortar and muller for grinding, crushing, er | rove of value to you— 
TALKS N BELTING and mixing ores, chemicals, ete, T we ft \ much, more than ~ real- 
alee peat Breakell .. tt a eaned ete n ees 745,416 €. | ize. Do things with your 
ne cooly om ape som Motion transmitting device, Gang & Hart. 745,812 | ae hands. Send fora circular 
knows that Motor stopping apparatus, electrically con- (gmp | ving Se — 
e e trolled, B. G. Bat GW ncccescscccsecess 745,763 ZA oe sosts o LM iF = 
Schieren Belting Motors. controller for alternating current, on m: ale eS Doak poet sees you f 
BD. BME cocccccccccesscccccsecsccece 92 to face a would be th 
Music sheet punching apparatus, H. Meyer. 745,881 bear copyrighted names, engraved on the ret to pavohase. The first 
is THE BEST Musical instruments, interchangeable roll for works, and our geld cases have stamped large edition is almost 
We know tt’s the best on mechanical, H. H. Juleg ..........-++- 745,500 on the inside: ‘. gone, order to-day. 
es @ best OP | wusteal instruments, wrest plete for string- 
ome ge MA Ba GAL, onosinbscnessecepcese 745,350 r OUEBER Ga> 370 Pages 326 Illustrations Price $1.50 
best on account of the | Nail making and driving machine, W. H. 745,867 <I> Our } 
SE a ee ee ete 5,801 cul 
know it’s the best if you Nebulizer and means for attac hing same to a | REVISED and ENLARGED EDITION 
study our “Dixie Beit supporting tanks, W. & a ( rks | 
Leather Book.” Shallwe| Necktie, J. Bernstein ..........-++++ | The ped American 
send it? Necktie fastener, J. E. Glahn ..... eceipts, 
CHAS. A. SCHIEREN & CO. Nipple holder, W, Griffiths . ’ 
New Youn : $9 Ferry 8 Preranune : 93 Third Av Nitro product, Edeleanu & Filiti— Send for free book, ‘'The Care of a reage Sates ands 
Cnr se Franklin s Purapetemia: 296 N. Third 3t.| Nut lock, L. N. Everett ......... it will give you import f + Queries. * 
Bowron: 19% Lincoln St Denver : 1519 Sixteenth St on. scoceececce portant information, and | 
Hammene: Pickhoben 4, Oar, bow facing, W. Lapacs .. tell you what to ask vour dealer for. 15,000 ped 734 Pages. 
ROTARY PUMPS AND ENGINES. |S Stam” transparent CTE LARPOEN | rice, $5.00 in Cloth, $6.00 in Sheep. $6.50 
d I ; AL ut N ED. ENGR occ csccccccccces Ss, 








in Half Morocco. Post Free. 


This work has been re- 
vised and enlarged, 


900 New Formulas. 


66 South St., Canton, 0, 





Their Origin and Development. —An important series of | Odometer, E. H Hathaway 
papers giving a historical resume of the rotary pump | Otl burner, J. R Donnelly 
and engine from 1688 end iliustrated with clear draw-| Ore concentrator, E. W. Keeler 
ings showing the construction of various forms of | Ore conveyer, McCain & Grierson 
pumpe and engines « illustrations, Contained in| Ore crushing machine, 4%. Yarnell 


























SUPPLEMENTS 110%. 410, TEED. Price 0 cents | Ore roasting furnace, A. M. Beam .. 5, The work is s0 arr: 4 
each. Vor sale by Mann & Co. and all newsdealers. Ore treating apparatus, W. H. Adams, Jr.. 745,472 as to be of use not only to 
aoe: Packaging apparatus, A. L. Holton 745,847 the specialist, but to the 
New Ty e Packing for pistons, metallic, Perks & Birch 745,901 eneral reader It should 
Packing, piston rod, M Montgomery oseces 745,643 pore TY piece = ever 
= Packing, picton rod, G. M. Ried .......... 745,908 ome an orkshop 
2 Cycle Motor Packing, rod, C. B. Risley ...........+.0- 745,459 goer opemes fel 
PATENTED. Paddle wheel, L. Vojacek .........+-sse0. 745,745 be came on application. 
manee of Specs WW to 2,000 Revo- Pail ouaee ning and sealing device, H. G. 745,418 h pasiinuere boas 
> sordiey . tncceces » the Cyclo amay obtian 
: H. B ren b- sarise, - pe Painting and cle aning ‘apparatus, E. Vegiasd the a <i 
Manufacturers in ‘search of the Gt Labente i B. F. Smith.  F4B019 1901 APPENDIX. 
best should address Painting machine, _shing e, . rr t ~~ Price, bound in cloth, $1.06 
‘'TSHMAN MOT . Paper cutter, G. W. Perks errs: * 516, 745,517 tpai 
cv! 1A : ‘OR CO., Paper cutters, ete., gage for, F. Sholes.. 745,531 o> a 
Lincoln, Nebraska. Paper exhibitor, wall, W. J. Tway 745,933 


Paper package, rolled, F. H ee . . 745,612 


GAS ENGINE Paper trimmer, A. J. Perks ......... . 2. 745,515 
Partition and furring, W._N. “Wight ceccce 745,547 7 


Pen, self-filling fountain, R. Conklin...... 745,481 — 
Phonographic apparatus, J. Castelin ...... 745,782 2 OHOHHG HHH HOHOOHHHGHOOO OOH OOO 
Phosphorus and sulfur and making same, ES bdo e€ 

compound of, E. W. Wheelwright .... 745,546 . ‘ ~ 
745,605 : , e 


Photograph exhibiting device, A. Hattrem. 
LATEST LATEST TYPE. BEST BEST MADE. Saotenunibte developing apparatus, A. Bartol 745,558 
dry plate releaser, G. J. Stage 745,922 


Zechokke & Urban. 745,550 > 4 
e 
° 
° 
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TWENTY-THIRD EDITION 


EXPERIMENTAL SCIENCE. 


By GEORGE lM. HOPKINS 


Revised and Greatly Enlarged. 2 Octavo Volumes. 1,100 
Pages. 90 lilustrations. Cloth rig Postpaid, 
#5.00. Half Morocco, Postpaid, 
Volumes Sold Separately : ¢ loth. ‘B00 
per Ve ven et Half Morocco, 











.7 -~y-- Marine, Aut iat or Stationary Photographic 
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745,519 


Water closet flushing apparatus, W. U. 
PPP rer rrr rr 745,724, 745,828 

Water closet, siphon, Newton...... 745,651 

Water cooler a aiter . Sy, McPherson. . 745,889 











“SHAVING 
SOAP 


WILLIAM 





His smile 


“speaks louder than words” 


In the form of shaving sticks, sh Wiliams 
Bhaving Seaps are pedi pon Ferry the ota, 


THE J. B. WILLIAMS CO.,  Gastachary, Conn. 


LONDON PARIS SYDNEY 














For Turning Axe, Adze, Pick, 
Sledge, Hatchet, Hammer, Auger, 
Vile, Fnife and Chisel Handles, 
Whifletrees, Yokes, Spokes, Porch 
Spindies, Stair Balusters Table 
and Chair Legs and other irregular 
work. 

&” Send for Circular A. 


@| The Ober Mfg. Co.,10 Boll St., Chagrin Falis, 0., U.S.A. 





Have more good pointa, fewer 
parts aud require less atten- 
tion in operstion than any 
other, 

Leunches, Valves, Speeia'tios. 
C. L. Borker, Horwel, ct. 





i Squabs Pay Beat 
Basier, need attention only part po 
time, bmnng big prices, Raised in one 
month. Attractive for poultrymen. 
farmers, women. Send fir FREE 
BOOK LET =e earn this immensely 

| rich home inadust 


Pyneus Rock Squab Co.,14 Friend St. 


ECLIPSE Pocket AMMETER 
for general battery tes 16 peren. 

Soft-Iron-Solinoid type. ‘itendy te ‘want ‘with 
flexible cord attached and contact apur in case, which 
is drawn back Inte case, when carried in pocket 
The contacts, on both cord and case, are made of non 
corrosive metal, Size of watch and very iight weight. 
Pivots hardened and polished. Well tinished through 
out. can be used in any positicn. Particularly design 
ed fot Auto, use red Fleetrle 

Ce,, 227 Main St., Springfield, am. Prive $6, 


Gaston. Mass. 





} of 
IS Te escopes 
rf We supply equaterially mounted 
Astronomical Telescopes 
for amateur purposes. Our 
OBJECTIVES 


are absolutely guaranteed 
to be optically perfect. 


GUNDLACH-MANHAT™..N OPT. CO., Rochester, N. Y. 





50 Years’ 
Exp¢rience 







Trade Marks, 
Designs, 
Copyrights, Eto. 

Anyone sending # sketch and dercription may 
quickly ascertain our opinion free whether an 
invention is probably patentable. Communica- 
tions strict y confidential. Handbook on Patents 
sent free. Oldest agency for sec uring patenta. 

Patents taxen through MUNN & Co. recelve 
Special Notice, without charge, in the 


Scientific American 


A handsomely illustrated weekiy. Largest cir- 
culation of any scientitic journal. Terms, $5 a 
year; four montis, $1. Sold by all newsdealers 


MUNN & CO. 261 eros0may, NewYork 


Braneb Office, 25 F. &t., Washington, PD. ©. 


| Galion in 4 Minutes 


of the purest drinking water and 
free from all solid atoms and 

wease gerne. Every houwse- 
hold should have a 


BERKEFELD FILTER 
which prevents the spread of many 
diseases generally originating in tmpure 
woter. 

BERKEFELD FILTER ©8., 
4 Cedar Street. New York, 
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DECEMBER 12, 1903. 








Founded by Matnew Carey, 1785. ‘ 
A Howse in touch with Three Centurtes. 
HENRY CAREY BAIRD & OO., 
INDUSTRIAL PUBLIGH ERS, BOOKSELLERS & IM PORTERS 
S10 Walteat St., Philadelphia, Pa., U.S.A. 


tc)” Our New and Revised Catalogue of Practical and 
Scientific Books, M4 page feo: a Catak ogue of Books on | 
Metallurgy, Mining f, mpecting, Mineralogy, Geology, | 
issaying, Analysis, etc.; a Catalogue of Books on Steam 
and the Steam Pingine, Mac hinery, ete.; @ Catalogue of 
Bool n Sanitary Science, Gas Fitting, Plumbing, etc., 
and our other Catalogues and Circulars, he whole covering 
every branch of Science applied to the Arts, sent free and 
free aj i me in any part of the world who 





wil Futmtah 7 
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« for our Pree Iinstrated Book 
/ YN “CAN "I BECOME AN 

if EL KA TRICAL ENGINEER?” 
i w Kngineering, Elect Lighting 
i ). Raslwave, Me ea! Engineering, Steam Eng 
\ M al Drewte aT ar home Oy mar 

X by Th : Edie ; the 





teewtit 
ELEC raic LL ENG INEER INSTITL TE, 
240-242 VW. 24d st. New Vork. 


ESTABLISHED 
1831 





THE 
COUNTRY 
GENTLEMAN 


The ONLY Agricultural NEWSpaper, 


AND ADMITTEDLY THE 


Leading gricultural Journal of the World. 


Every 4d. partment written by specialists, the 
thest authorities in their respective lines 
No other paper pretends to compare with ‘t 
in qualifications of editorial staff. 
Gives the agricultural NEWS with a degree 
of completeness not even atterapted by others. 


hi 


INDISPENSABLE TO 
ALL COUNTRY RESIDENTS 
WHO WISH TO 
KEEP UP WITH THE TIMES. 
Single Subscription, $1.59; 


Two Subscriptions, $2.50; 
Five Subscriptions, $5.50. 


" SPRCTAL INDUCEMENTS to RAIS- 
ERS OF LARGER CLUBS, 


Four Menths’ Trial Trip 50 cents. 


SPECIMEN COPIES 
will be mailed free on request. It will pay any- 
body interested in any way in country life to 
send forthem. Address the publishers; 
LUTHER TUCKER & SON, 
Albany, N. We 






mit THE & A. 8C HAPIROGRAPH ( peaouay, Bon wk, 


A Christmas Present Worth Having 


Send $15.50 for a Complete High-Grade 


Microscope 


with eyepiece and a divisible objective | 
giving both high and low magnifications 
six mounted objects and Inatructions for 
use. No better gift could be placed in the 
hands of an inquiring boy or girl who is be- 
ginning the study of anima! or plant life 

Well adapted to the examination of 
starches, drags, fabrics, tibers and ordiaary 


commercial uses 
SPE CER pPENCER LENS co., Buffalo, N. ¥. 


“UNIMATIC” FOR PERPETUAL 


Records, Cost Books, 
(One MOVEMENT) Price Books, 
LOOSE LEAF BOOK 





Private Ledgers, 
Cotataes. Specimen 
Books, Route Books, 
Indexes, 
Calling Lists, ete. 
WRITE FOR CATALOG 
MADE BY 


SIEBER & TRUSSELL 













e--y 4 ~ MFG. CO. 
Upea Case aT. LOUIS, MO, 
VELOCITY OF ICE BOATS.—A COL- 


lection of interesting letters to the editor of the SciBN- 
TIFIC AMERICAN on the question of the speed of Ice 
Boats, demonstrating how and why it is that these craft 
sail fuster than the wind which propels them. LIllus- 
trated with 10 explanatory diagrams. Contained in Scl- 
ENTIVIC AMERICAN SUPPLEMENT, No. 214. Price 10 


cents. To be had at this office and frow al newsdealers. 








Thomas A, Edison 

other successful men be- 
thelr careers at Telegraph 
Operating. Why don't you 
learn? For $175 we will 
send you a complete 
N. D. outfit with 

boek of instructions, 
be express (not pre 
pald). Send for cata 
ioe of electric appa- 
supplies and 







eee 
elties. 
J. MH. Bune. & Co, luc. W Park af ace New York. 





“> Schapirograph ? 
rie periic ATOR . h. - 
i tis r ten AVoIps et, | 

~B-Re ny 
, DAYS: FREE TRIAL, without de 








Cole 
Johnson 


Water cu 
Water 
Pick 


ler equipment, J. T. 
elevator, pneumatic, 





Water from cellars, apparatus for expelling, 
Ww { Griffiths : 

Water heater, W. B. Allen 

Water heater, electrical, M 

Water or grain elevator, Ho 

| Water power apparatus, J. F 

| W ater supply system, 0. T. Hungerford.... 

Water tube boiler, J. F. Hottman, Jr...... 

| Water tube boiler, J. F., Sr., & J. F. Hott 
man, dr . eses eesterveces 

| Weaner and udder protector, calf or 
Cunningham & Spear .. eevee 

Welt slitting machine, H. Lyon 

Wheel and axle coupling, F. G. Bughes 

Whitlet ree J. Kitzmiller ... : 

Wind instrument, L. M. Bilis 

Window screen, D. J, La Due 

Wire holder, J. Sharp .......- 

Wire stitching machine feed device, 
Shafer . 

Wire stretcher, L. A, Preston 

Wrapping machine, J. H Felmlee ....... 

Wrench, B. Me Niel . . . sossees 64 

Zine, electrolytic re fining of, H. "Paweck... 7 


DESIGNS 





Billiard table, J. Bhrenpreia ........see+0+ 
Bottle, A. N. Ritz ecceee 
Brooch, button, or huckle plate or similar 
article, 8. Keller 16,640, 
Brooch plate or similar article, BE. F. Rueck- 
ert 
Chair, J. B. Te all Se ° 
Ciclometer casing, J. Alexander 
Dress ornament, fancy, L. M Keigher 
Glove, Schmidt 
Silverware or simiiar articles, handle for 
H ebe $6,652, 
Silverware or similar articles, lip for, H 
eber ‘ ee 
Silverware or similar articles, agent for, H 
Weber ° . 
Silverware or similar articles, tip for, - 
& B. Hunt ee 
G. H. Barsehow 





TRADE MARKS. 





















































36,650 











OT | 
6,004 
36,665 
36,653 
36,655 
36,651 


36, se 

















Zl is an 
















Antiseptic or disinfectant compound, Quin 
Sharpe Drug Co 41,567 
Baking powder, J. ¢ Grant Chemical Co 
Beer, tb arias stout, ale, and barley, and malt 
extr Keeley Brewing Co . 41,575 | 
Belts and he iting, machine, Fleming, Birkby | 
« oodall .. 41,550) 
ner, M. ¢ 0’ Neill 5 
Candy, Darby Candy o 41,573 
Candy, nut, Calhoun & Witherbee 41,572 | 
Caramels r colates, bonbons, and favors, | 
Hill-Warner-Fiteh 41,574] 
Chemical for certain named purposes, powd 
red, Coalite Company 1,582 
Cigars, chervots, and all-tobacc cigarettes, | 
American Cigar Co ° ° 41,576 
Collars, boys’ and girls’, I. Frank & Co... 41,546) 
Cooking utensils certain named, Manning, 
Rowman & Co 1,585 
Crushing and pulverizing machines, Williams | 
Patent Crusher and Pulverizer Co..... ,583 
Fishing tackle Supplee Hardware Co. .. 41,586 
Flour, wheat, George Urban Milling Co., | 
41,578 to 41,580] 
Food for animals, prepared tonic, W. J. Mor | 
ris .. ° 41,556 
Gloves, kid, W Locke 41, 
Liniment, ( H Milversted 41,566) 
Medicinal preparation for treatment of dys | 
pepsia and loss of appetite, Dr. Pinet Co. 41,564 
Medicinal tonke for malaria, chills, and 
fevers, Gannaway Drug Co 7 
Medicine, cough, J. Kalish jeesuscecsoees 
Needle and thread fasteners, combined, F. 
W Whitcher ° . 41,555 
Ointment ertain named, H Goldwat r 41,568 
Paint, cold and hot water, J. G. Newcomb. 41,581 
Remedies for cure of certain named diseases, 
Rose nthal osese Ghee 
| Be medies for indigestion and dyspepsia, F. 
». Webster 56nshconbeebes eee 41,563 
Re aie for dyspepsia, indigestion, ‘and stom- 
ach complaints, A K. Schauf ..... ° 
Remedy for nervous affections and a blood 
purifier, A. K. Schauf ........-cccceses 
sadhenteon, Respirator <7 eee CO. cece 
| Ribbons, Sachs Bros. & ° 
Roofing, sheet, H. M Bi HG Roofing Co., 
41,551, 41,552 
Salve for certain named purposes, D. Gearon 41,570 
| Salves or olntments _ external application, 
Oelo Chemical OMPANY sececceceecees 
Saws, G. N. Clemo ...cccccccccccceecces 
Screws, Rogers Screw Co. .....cceeececeeees O87 | 
Spittoons, certain named, Cordley & Hayes.. rh 554) 
Talking machines, certain named, Ohio Talk | 
ing Machine Co R 41,584 
ronic, B. P. Yoeum 41,558 | 
Tonic for stomach, kMineys, liver, and blad- 
der K. Sehauf . . 561 
Velvets, velveteens, and plush ey H 
O. Brandt & Co. .ecsseseees e 548, 41,549 
Waterproof “ape and Hospital 
Meeting OO. ccceccsecccccccccsocccsss 547 | 
LABELS { 
“‘Alredale Fabric,’’ for dry goods, A. Merritt 10,547 
‘Bader's Infallible Hair Grower,"’ for hair 
grower, H. F. Bader 10,553 
“Best American Make Pearl Buttons, for 
pearl buttons, Keystone Pearl Button Co. 10,548 

Blue Ribbon, for cigars, E. Marrion.. 10,558 | 

Cap Sheaf, for whiskey, Schwartz Bros 10,557 

Chinese Pigtalls,"’ for licorice, National 

Licorice Co dcevcecse 10, 7 
olonel Bill, for cigars, 8. Levyn 
“Deo yay Wine,”’ for medicine, J. L. Dezea 
bault & Co. .. 10,549 
‘First Ame-ican, for conde nsed milk, Am- 
erican Condensed Milk Co oe 10,562 

Grant Pear, for pear trees, C Pelmulder 10,546 
‘“Life,”’ for cereal food, Hanscom Bros. 10,564 
**Liliskin,’’ for a toilet preparation, Croswell | 

Company Soe ccessoecos 10,5 
‘Lung Tonle for medicine, W. B Hopkins 10. 

No-Bald for hair tonic, Croswell Company 10 

Pes Paca,’’ for foot powder, J. Rovane, Sr 

Plain People,"’ for cigars, Levyn 

| “Sawyers Crystal Blue,” for ‘washing blue | 
| Sawyer Crystal Blue Co... 10,566, 10,567 
“Stamp for condensed milk, Ame rican Con 
| denaed Milk Co. . 10,568 | 
“True Blue Bluing,”’ “tor- bluing, True Blue | 
Mfg 
‘Vino Verme yuth,’’ for lique ur, a B. Roche 
*“*Wooton's Menthol Cough Syrup,’’ for cough 
syrup, BF. W. Wooton .....cceeseeseecss 10,551 
PRINTS. 
‘Blue Cross,""’ for tea and coffee, Grand Cent 
ra a & | » Co 866 
*‘Cero-Frut« for food preparation, Cero-Fruto 
Food Company 863 
“Red Cross,’’ for ten and coffee, Grand Central 
Tea & Coffee Co 000g se Od 
“White Cross,’’ for tea end coffee, Grand Cent 
ral e & Cotes Oe, «cn cscceee 
A printed copy of ise specification and drawing | 
lef any patent in the foregoing list, or any patent} 
ir orint issued since 1863, will be furnished from | 
this office for 10 cents, provided the name and| 
number of the patent desired and the date be/| 
given Address Munn & Co., 361 Broadway, New | 
York. 

Canadian patents may now be obtained by the in 
ventors for the ventions named in the fore 
going list For tern 1 further particulars 
address Munn & Co., Hroadway, New York. 


| fected need reply. 


PERFO RATED METAL 








ORALL USES. MADEAS REQUIRED. 


HARRINGTON& KING PERFORATING G.C 






225 N.uNON ST. 


HICAGO., 





8. BE. WORRELL, 


DRYING MACHINES. 





Hannibal, Mo. 
? 
TYPE WHEELS. MODELS & EXPERIMENTAL WORK. SMALL Mach! 
NOVELTIES & CTC. NEW YORK STENCIL WORKS 100 NASSAU 8° WY.) 








MODEL AND EXPERIMENTAL WORK. 


Klectrical and Mechanical Instruments. Smal) Mach’y. 
EDWARD KLEINSCHMIDT, 82 W. Broadway, New York. 












CHAS. E. KUSIAN 
TOOLS FTX 7 av wale by SPECIAL 


AND DIES. MMR!) 4 3 So) 21 3° Be MACHINERY. 
175 GRAND STREET, AS 












NES, lies Engi . Brewers 
“INCE mA Machinery. oT E VILT ER 
. CO,, 3 C lintop Street, Milwaukee Wis. 
MODELS and EXPERIMENTAL WORK 
Smaii Machinery of ali kinds. 
a. & A. 1. OSTRANDER, , Schleicher Bidg., M Mt. Vernon, N.Y. N_Y. 


FOR SALE 


two valuable recent patents, outright or on royalty. 
Steel Fence Post and 
Steel Strain End or Corner 
for farm or railroad wire fencing. For illustrated cir- 
cular and information address the patentee 
MONT. D. CUMMINGS 
COLUMBUS, ¢ ee 
Setipate lance scan “— 
g Cc Spacity, 1 pound by half 

= es. Sincheshigh. Cuts down the 

stamp bili. Useful and attractive pres- 

ent. emake several sty!es from 81.00 

in nickel, as shown, up to 86.00in sterling. 

If dealer doesn’t sell it, we prepay ony.” 

receipt of price. Catalogue P. f os 

Pelouze Scale & Mfg. Co. 

132 W. JACKSON BOUL. CHICAGO. 
SYNCHRONOGRAPH.—A NEW METH- 
od of rapidly transmitting intelligence by the alternat- 
ing current. A full description of the interesting ap 
paratus of Crehore and Squier. 13 i)lustrations. SCLEN 
TIFIC AMERICAN SUPPLEMENTS 1114 and 1115. 
Price 10 cents each. For sale by Munn & Co. and all 
newsdealers. Send for new catalogue. — 














The Franklin Model Shop. 


Experimental work for inventors; any- 
thing in metal from a single piece to a 
complete working model. Apparatus for 
colleges. Fxhbibition models. Introduc- 
tion samples of patented articles. Spe 
cial tools for making metal noveities. 
Inventions perfected. Drawings and de- 
signs worked out from inventors’ ideas. 
Send for circular 9. 


PARSELL & WEED, 
129-131 West Sist Street, New York, 


Light H Hardware Specialties Wanted 


A large mannufact::ver now making a number of light 
hardware specialties desires to increase bis line. This 
exceptional opportunity for inventors to have 
their inventions manufactured and marketed by a firm 

















now doing large business with all the wholesale harda- | 


ware houses. Only those baving articles already per- 
Address, stating in detail nature of 


article, and enclosing stamped envelope for reply 
POST OFFICE BOX lH6 
ST. L LOUIS, MO. 


PRINTING © TAUGHT > FREE 


outa {eos gh and Lig — wy} 7 ty, a 
qompicte course in we art of printing. 
While you’re learning you can make 
moner at home by Sy printing for others. 












Chestnut Street, Philadelphia. 









Keep Your House Warm 
" this winter and save coal by fitting 
your doors and windows with 


FORD'S AIR-TIGHT WEATHER STRIP 


A perfect protection from cold, draught and dust. 
It is inexpensive, made entirely of wood, and absolute- 
ly the best strip on the market. 
Send for illustrated booklet (Free 
We waut agents in each locality o offer very liberal 
terms to good men, 


CHARLES J. FORD, 226 Senior Bidg., Holyoke, Mass, 


FREE 


UN ON MODEL WORKS 





LARK CHICAGG 


DRAFTING 


FRANK 


SLOT AND VENDING MACHINES 


built on contract. Modeis and Experimental Work. 
Tools, Dies and Stampings. 
MICHIGAN NOVELTY WORKS, Kalamazos, Mich, 





Mechanical, Patent Office, Techni- 
cal Magazines & Books illustrated, 
D. LEW Is, 136 Liberty St.. New York. 








National Supply Co., *% Broadway, N.Y. 
Model Makers and Manufacturers of 
PATENTED ARTICLES, ET@ 


MODELS & EXPERIMENTAL WOR 

Inventions developed. Special Bb andl) 
E. v. _ V. BAILLARD, Fox Bidg.. » Franklin Square, New York. 
_|FREE Prospe ctus for 1903 for’ *Architects’ and 
Builders’ Magazine,” monthly $2 a year. 


WM. T. COMSTOCK, Pub., 23 Warren St., New York 
REVERSING STEAM TURBINE.—PAR- 


son’s recently perfected turbine for boats. [ustrations 
showing details. Contained in SCIENTIFIC AMERICAN 
SUPPLEMENT, Price 10 cents, by mail, from 
this office, and from ail a ail newedealers. 


Aluminum Specialties 


Every facility for the manufacture of articles from 
aluminum: stamped, spun, formed, or cast We have 
the largest and finest equipped factory in the United 
States for this class of work. Let us quote prices. 


ATTLEBORO, MASS. 

















Catalogue of Architectural, Scientific 


and Technical Books. 


THE E. A. FARGO CO., 


MODELS f°HIcA 








BUILDERS of ‘Specias Machinery. Models, 
Experimental work. Inventions devel- 
oped. THE FENN-SADLER MACH. CO., Hartford, Conn. 


Are you interested in Patents, Model or Experimental 
work? Our booklet entitled 


WHAT WE DO—HOW WE DO IT 


will be sent to you on request. 
KNIC KERBOC KER MACHINE WERE, 
0-12 Jones Street, » New Yeo 


Manufacturing for Inventors 


Every facility and appliance for manufacturing Grey 
Iron, Brass and Spelter Castings. Stamped, spun or 
turned metal specialties in quantities. rge plant, 
skilled workmen and modern tools. 

AMERICAN LAMP AND BRASS COMPANY 
Trenton, N. J. 












rite for names of hundreds of 
pan: A Make 880 to 650 
weekly. business at home / 

tra’ , all or spare time, 
selling Rei- and doing \ 
genuine silver, nickle and metal 


gating oo i. Watches, Jewelry, Tabl 
iC; 


cycles, all m eavy plate. 
Re enee, aickly learned. Eno 
© toys or ae Cute o>. v tog Or 
aranteed. you teach » 
Girite todey “M GHAY & ©0., CINCINNATL ©. 





BEAT BRICKS, 
ALL HOLLOW. 


HOLLOW CONCRETE BUILDING BLOCK MACHINES 











Cement and Sand. 


Blocks From 
These Machines 


give vertical flues within that pro- 

uce the best ventilation, reta 
rain and moisture, 
pnon- aductors of heat and cold. 
These bricks are light, strong and 
hygieni«. No danger of buiiding too 
bigh with them. Made in nine 
sizes, from 8 inches upwards, al) to® 
tit without any cutting needed. Look 
like natural stone, last longer, and 
can be colored or ornamented 
as desired. 


These machines for making the 
above turn out 400 to 600 cubic feet per 
day in hollow blocks. The blocks are 
absolutely fire, water, 
and vermin proef, and 


and are positive 








cross Fox River at A 


Bridge A ppleton, Wis. 
5 feet long, 22 ren wide, built of Palmer's Hollow Blocks. 


ne'ther paint nor repairs. require rip 
backine of bricks, and safely carry 
floors, joists, beams and roof: 





WARNING ! 


Buildings erected with these patented blocks are 
subject to reyalty and Mechanics’ Lien, if same is 
not settled, unless parties erecting buildings have 
The Harmon 8. Palmer 
Hollow Concrete Building Bieck Company or their 


secured their licenses from 


duly authorized agents. 


Hollow space affords facilities for 
gas and water pipes, electric wires, 
Speaking tubes, etc. 


Exclusive territory for manu- 
facturing with these machines 


can be secured by 
action. 


Write at once for ful) information. 


pronrmpt 








HARMON S. PALMER, HOLLOW CONCRETE BUILDING BLOCK CO. 
WASHINCTON, D. C. 
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Lubria, The Water Lubricant. wa 


AN OIL THAT DISSOLVES INSTANTLY IN WATER 











IMPORTANT NEW WORK. 


The Handyman's Book of Type, Materials 


ed in eh i Py ; Paul N. Hasluck, 
tor of “ Work,” about ustrations. $4.10. 

More exhaustive than any work on the subject hitherto prodnoed. 
The book is intended for ali those who would handle tools, and whe, by 
the use of them, wish to furnish the home and to add to thelr income, 
The treatineut adopted throughout has been simple and practh al 


Two to five parts of LUBRIA mixed with 100 parts of water 
makes a perfect and most economical lubricant for drilling, 
turning, milling, plating, cutting and all automatic machine 














work i teel si ad endeavor has } ninten tl * 
chines ¥ Lt 3 RI . te — ‘7 - i. No Sat ne Fe La MANUFACTURERS: — Instruction, and nn ything that ald be oe farinr thie “thet, ‘her. eww os 
tools cooler, Free from acids and fireproof. Sample bottle free I will sell any part of undivided interest of patent right ° cighteen-page index, containing between 3,000 and 4,000 








Sete Mercia te tees king hooe coupling, iilustraved pre Fragen nly = which readers will easily find any item of tn 

-4 © 0 rem ir . , , ‘ 

REGIS TERED FOOTE, PIERSON @ CO. <« 84 Fulton Street, New York Non freezing. Bears riuid Lest. Set for kin. hone pro: Cassell & Oe., had. 49 Kast 19th Street, New York, 
duced for $1.50. MK. M. F., 1680a Ohio Av., st. Louis, Mo. | 








W. H.MOORE'S' 
- CLUBBING OFFERS % 


e€ BROCKPORT — N.Y. 
mG pa ats 


02 CS} Ladies’ Home Journal $1. ool 2 5 
= Saturday Evening Post 2,00 


House ~ penne um ” 00 4 i 


Success. 3 : 
HM Frank Leia Saacinc Monthly . $1.00) ™y Price 


+ 13 months, including handsome Christmas Number and Heroine Calendar worth +50 *D 25 
e 














Success. mie: ° : 
Woman’s Home Companion: pafmeerhnmen me mye 


or any mag’ne in Class A 
Review of Reviews 2.50 | — CLASS C 
Or World’s Work, ; Country Life, $ My Price I take subscriptions for any Arkansaw Traveler . tyr. $. Any three 


$3.0 ; Quting, r 00: Art Interchange. American Poultry Journal sa ee 1 5 


$4.00; Current Literature, $3.00; or any periodical. There are Aun- Beauty and Health. . o « SF. 


Boys’ World. . i yr. Any one with 


nandine in Cline Be S$ 00 ‘ 
; e Dietetic and Hygienic Gazette | 1 yt. 1.00 

Success . . 1.00 dreds of offers in my catalogue. Four Track Nees Sl orye “go | anyone in 
Cosmopolitan j 00 Holiday Magazine (Children) . - 2a Class A 
°. . Housekeeper, Minneapolis. . . tyr 

Or House Beautiful, $2.00; or Womdn’s Home Sent free. Home Heediewoth os eae ll — oe. ‘ $1 25 

Companion, or any magazine in Class A, J Ladies’ World . Rats . aoe nent 
Little Boys and oa... .. eee Any two with 
fly Price py bay yy Americana Publisher ; Any Brockport McOall’s Magaziae...... YT .« 7 one in 
Cosmopolitan ° $ $1.00 or Rochester Bank ; and Dun’s er Bradstreet’s Modern Priscilla. ...... 29% Class A 
ine | .50 otoeal AGENTS. WANTED ig take orders for my Club Nickell Magasine : . =...) syn 3 $1.50 
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Colliers 


We have printed one million copies of the Christmas Collier’s to meet 
our offer in the December magazines. 





For you we have a better offer still. 
Great as the Christmas Number is, with its Sherlock Holmes story, its new 
Winston Churchill serial, its Gibson, Remington and Frost pictures, we want 
you to see also what a full month of Collier’s means. 


We will send you for twenty-five cents (the regular price of the Christmas Number alone) that wonderful Holiday 
issue and the three following Numbers, containing one more Sherlock Holmes story and the cqatinvation of the 
Churchill serial. In other words, fifty-five cents’ worth of reading for a quarter. Read the table of contents 
below and cut out the coupon, which puts this rich opportunity within your grasp. 














Sherlock Holmes 


Since Conan Doyle has brought the great detective back to life 
for Collier's readers, our presses have been unable to supply the 
demand for his new “ Adventures.” The Christmas Number has 
one of the most mystifying of the series, “The Adventure of 
the Dancing Men,” in which Holmes shows the reader how to 
solve the most intricate of cryptograms. By accepting our offer 
you will also get “The Adventure of the Solitary Cyclist,” in 


the January Household Number (dated December 26th). 


Winston Churchill 


Author of “Richard Carvel” and “The Crisis,” has just com- 
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rated next year at the Louisiana Purchase "xpositios.. “The 
Borderland” is really the story of George Rogers Ciark’s 
famous campaign—“ the back-door fight of the War of Indepen- 
dence,” when he held Kentucky and Tennessee for this nation 
against the Indians of half a continent. The story, which begins 
in the Christmas Collier’s, continues for twelve numbers. No 
lover of American fiction or student of American history can 





afford to miss it. 


The Art and Literary Features, great as they are, are only side issues with Collier’s. Its main purpose 
and chief ambition is to reflect Current History in the Making. In this, the most fertile field 
Coilier’s correspondents and Collier’s 
It stands 


in American journalism, it acknowledges no peer. 
cameras are everywhere. Editorially it is the organ of no party and no section, 
for simple Americanism, strong, uncompromising, and in earnest. 
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To Recapitulate Our Offer to Readers of the “ Scientific American” / pages 
; o 1 ° aati Street 

We will, on receipt of the accompanying Coupon and twenty-five cents in stamps or f 9 ony. ite Oe 






silver, place your name on our mail list for the four December issues of Collier’s (including 
the Christmas number, price 25 cents, and the Household Number), containing two 
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PENNSYLVANIA STEEL CO., Steelton, Pa. 


E. R. ACKERMAN, Prest. SHIPPERS OF 22,000,000 BARRELS OF CEMENT 
Sales Offices: New York, No. 1 Broadway. Philadelphia, Harrison Building. 


Send for Cement Treatise Free. 














